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SUY34ARY 
The work reported in this thesis was designed to determine 
the validity of the 'fibre-hypothesis' in western society. 
Free living individuals resident in the United Kingdom were 
the subject of investigation. Omnivores, vegetarians and vegans 
were studied in order to ensure a wide range of fibre intakes and 
the amount of fibre eaten ranged from 10 to 78 grams per day. 
Disease pattern was assessed using a questionnaire. 
Seven hundred and fifty people were matched for age, sex and 
diet, and ten dietary groups were identified, ranging from 
life-long vegetarians to life-long omnivores. The former group 
in comparison with the latter, had a lower incidence, delayed 
onset, lower severity and fewer disease associations. Many people 
who increased their fibre intake by changing to a vegetarian diet 
reported that the change to such a diet had relieved certain 
disease symptoms particularly constipation. 
Dietary intakes and parameters of bowel function including 
transit time, stool characteristics: frequency, wet weight, 
rheology and form, were measured in a sub-sample. Fifty-one 
subjects were then matched for age, sex, diet, time of year and 
health. In comparison with omnivores vegetarians ate significantly 
more fibre, and this was significantly correlated with the measures 
of bowel function. As fibre intake increased transit time 
decreased, stool frequency and wet weight increased and stools 
became softer and unformed. 
The formed smooth cylindrical or snake-like stools of 
vegetarians might be considered desirable and the associated 
intake of about 40 grams of fibre daily a recommended amount. 
(v) 
The achievement by omnivores of fibre intakes comparable to 
those of vegetarians shows that drastic changes in eating habits 
are not necessary in order to achieve this goal. If the goal is 
achieved, the proportion of energy derived from complex 
carbohydrate is increased at the expense of that from fat, thus 
meeting major recommendations for a prudent diet. 
The suggested intake is to be regarded as an interim 
recommendation until more is known about variations in bowel 
function, particularly faecal form, with time and endocrinological 
phases in females. 
(v1) 
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CHAPTER ONE 
LITERATURE REVIEW 
-2- 
INTRODUCTION 
"The determination of the food requirements of men, women 
and children has been the aim of many nutritional investigators 
since the scientific study of food began. " (Widdowson, 1947). 
Initial reaction to this statement is perhaps one of surprise 
when it is realised that there is no recommended daily amount of 
fibre for groups of people in the United Kingdom (Department of 
Health and Social Security, 1979). However, it is important to note 
that interest in this dietary component lay dormant for decades and 
it was not until the early seventies that it burst into the conscious- 
ness of the medical world (Editorial, 1977). A working party set up 
by the Royal College of Physicians (1980) concluded on the basis of 
a review of the literature on dietary fibre until 1979, that a decade 
was not long in the development of medical knowledge, and that 
despite the widespread interest and substantial work on dietary 
fibre, conclusions and recommendations must still be tentative. In 
1969 the D. H. S. S. acknowledged that recommendations for dietary 
intakes are made by the exercise of judgment on 'limited' data. The 
fact that no recommendation has been made for fibre supports the view 
that further research is needed before a recommended amount can be 
given. 
The tentative nature of the recommendations made by the Royal 
College of Physicians (1980) was attributed to: - 
"(1) the chemical and physical diversity of the many substances 
loosely grouped together as 'dietary fibre', and the consequent 
diversity of their biological effects 
(2) the many differences in the life style of 'developing' and 
'industrialized' populations, which contribute substantial 
variables in epidemiological comparisons between populations 
taking 'high-fibre' and 'low-fibre' diets. " 
These difficulties of interpretation underline the need for other 
approaches to fibre research. In the Report of the Royal College of 
Physicians working party on dietary fibre the discussions pertinent to 
this question give some indication as to the direction that might be 
-3- 
taken. Thus, the fact that it is not certain how far the effect of 
fibre depends on particular chemical substances, whether it is impor- 
tant to preserve the architecture of the orignal plant, or whether 
the timing of intake is important in relation to other dietary consti- 
tuents, suggest that fibre within the context of a natural diet be 
examined. In turn, this would overcome problems of palatability and 
acceptability which are important considerations in relation to 
detailed dietary recommendations. If the diets were customary, the 
need for prolonged trials, which are exceedingly difficult, if not 
impossible to carry out, might be reduced. Moreover, problems associ- 
ated with differences in lifestyle of sophisticated and less sophisti- 
cated societies could be counteracted by confining the study to the U. K. 
Prior to the Report of the Royal College of Physicians being 
available, it had been decided as long ago as 1975, that an experiment 
of opportunity, where as a result of 'naturally' occurring changes or 
differences, it is easy to observe the effect of a specific factor 
(Abramson, 1979), might form a more satisfactory approach to research 
on the subject. Perhaps by studying people who have been accustomed- 
to diets which naturally provide average and higher than average 
intakes of fibre, and by limiting the sample geographically, some 
useful information might emerge. 
These ideas have since been reinforced by other investigators. What 
is badly needed is an assessment of the role in human physiology of 
fibre from the commonly eaten vegetables, fruits and cereals. The 
'whole' substance as it occurs in the diet might be found important in 
disease prevention (Cummings, 1976). Judgment based on research using 
individual foods, let alone individual food constituents, may well lead 
to erroneous conclusions as food is not eaten in this way (Dickerson, 
1982). The use of natural high fibre diets warrants further attention 
(Jenkins, 1979). Moreover, Southgate(1982) has recently emphasised that 
the dietary fibre hypothesis relates to types of diets. In the general 
-4- 
population it should be possible with perseverance to select groups 
accustomed to consuming diets high in fibre and bulk-forming capacity, 
and hence learn of their pattern of health (Walker, 1976). 
In their classic paper entitled "Effect of dietary fibre on stools 
and transit-times, and its role in the causation of disease" Burkitt and 
his colleagues (1972) drew attention to the fact that British vegetar- 
ians had stool weights and patterns of bowel behavicurthat were similar 
to African groups who were consuming a diet of unrefined foods. 
Moreover, the diet of these vegetarians was classified as intermediate 
as opposed to refined or unrefined. In the light of this, it seemed 
that vegetarians might be consuming a naturally high fibre diet and 
the literature has been reviewed pertaining to this subject. 
Attention was focussed upon three main issues: the fibre content of 
the diet, bowel function and pattern of disease. This selection was 
made on the basis that a relationship exists between stool characteris- 
tics and the content of fibre in the diet on the one hand, and the 
prevalence of certain characteristically western diseases on the other 
(Burkitt and Trowell, 1975). The statement that 
"Much more should be known of minority groups in western populations, 
whose diet, metabolism, and disease pattern differ from the average ... 
vegetarians, especially those accustomed to a diet which is really 
high in bulk-forming capacity. " (Walker, 1976) 
was encouraging. 
1. DIETARY FIBRE 
Few studies have been undertaken to assess the fibre intakes of 
vegetarians or vegans in western populations. Moreover, in the U. K. 
where fibre intakes are better documented than in most other countries 
(Bingham and Cummings, 1980) the fibre intakes of these dietary groups 
have received little attention. However, evidence has been accumulating 
for some considerable time which could be used to determine whether or 
not vegetarians and vegans in the west consume more fibre than their 
omnivorous counterparts. There are wide discrepancies in both the 
quality and quantity of these data. Notwithstanding the associated 
-5- 
limitations it was decided at the outset that as much of the available 
evidence as possible should be examined. Thus, consideration was given 
to data which ranged from observations on food choice to actual 
measurements of dietary fibre intake. 
In view of the similarity of the criticisms relating to all of 
these studies, to avoid repetition, common areas of concern have been 
identified where appropriate, and full discussion given in the 
section referring to dietary fibre by direct assessment (p. 16). 
For convenience the terms dietary fibre and fibre have been used 
syncnomously to represent the sum of lignin and the non-d-glucan- 
polysaccharides in foods (Southgate, 1982). In this review most of 
the data on dietary fibre are based on food analysis using Southgate's 
methods (Paul and Southgate, 1978). Bingham and Cummings (1980) have 
stated that the method for measuring dietary fibre as described by 
Southgate has been the most suitable for human nutrition in recent 
years. Other methods are however being developed, and it seems likely 
(Bingham and Cummings, 1980) that results derived by Southgate's method 
may later be superseded. Bingham and Cummings (1980) have in fact sug- 
gested that Southgate's values will be reduced. In some cases papers 
have referred to dietary fibre values obtained by other methods. These 
will be commented upon in their context. In others, reference to crude 
fibre has been made; this has been described (Southgate, 1973) as the 
residue remaining after the food has been successively eitracted with 
lipid solvent, then boiling acid and alkali. Reference to crude fibre 
is specified. The importance of such clarification cannot be over- 
estimated, as dietary fibre intakes may be five or six times the crude 
fibre intake (Cummings, 1973). The crude fibre procedure only measures 
a small and variable amount of total dietary fibre (Theander, 1981). 
U) Consumption of unrefined foods 
The types of foods eaten by vegetarians and vegans have been stated 
by several investigators. Although some of these data ate not quantified 
-6- 
or only vaguely so, they wereconsidered relevant in this review as a 
source of qualitative information. 
McKenzie (1967) pointed out that brown bread is used almost to 
the exclusion of white because of the belief in its greater 
nutritional value. In his study only 4 percent of the vegetarians 
and none of the vegans consumed white bread. The preference shown for 
brown bread by these dietary groups is substantial in the literature. 
In 1947, Widdowson commented that all seven of the vegetarian children 
in her study of individual diets ate brown bread. McCullagh and Lewis 
(1960) mentioned that 'large' amounts of heavy wholewheat bread as well 
as other cereals were eaten by vegetarian Trappist monks living in 
Ohio. Kirkeby (1966) observed that the bread usually consumed by the 
vegetarians in his study was of a less refined type than that of the 
ordinary diet. The 'abundant' use of wholegrains by Seventh Day 
Adventists was described by Phillips and colleagues 
(1978). Purves 
(1981) noted that most of the mothers of the under-five vegan 
children in her study made their own bread using wholemeal flour. 
The problem with some of the descriptions given is that the bread 
is simply described as 'brown'. This is imprecise in the light of our 
present interest in dietary fibre. The fact that vegetarians and vegans 
put considerable emphasis upon the use of 'natural' and 'whole' foods 
(McKenzie, 1967), and that they tend to avoid large amounts of refined 
foods (Miller and Mumford, 1972), suggests that the brown bread men- 
tioned might well have been wholewheat., irther credence to this view 
is given by Kirkeby's (1966) observations that the carbohydrates con- 
sumed. by his vegetarians were of complex types. Moreover, Widdowson's 
(1947) observation: ' that only one of the seven vegetarian children in 
her study was having more bread than Average, and that most were having 
considerably less, indicates that caution is needed in the interpre- 
tation of these data. 
Also of interest was the observation made by Kirkeby (1966) 
-7- 
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regarding the amount of carbohydrate eaten. He commented that his 
vegetarians consumed a diet that was relatively rich in carbohydrate. 
McCullagh and Lewis (1960) gave figures for total calories and grams 
of protein, fat and carbohydrate. Analysis of these figures revealed 
that the vegetarian Trappist monks obtained approximately 55,29 and 
16 percent of their energy from carbohydrate, fat and protein 
respectively, showing that carbohydrates predominated as a source 
of energy. 
(ii) Crude fibre intakes. 
Southgate (1976) stated that the measurement of crude fibre has 
little or no place in human studies. Bingham and Cummings (1980) 
were adamant that the determination of crude fibre was not relevant. 
Moreover, Theander (1981) believed that the crude fibre procedure 
should be abandoned. However, it was interesting to note Gear's 
(1978) finding that crude fibre and dietary fibre intakes were highly 
correlated. On the basis of this he questioned the wisdom of 
discarding studies of the relationship of crude fibre to western 
diseases. Furthermore, he believed that such a policy would be 
counter-productive provided that the limitations of the crude 
fibre estimations were recognised. In view of this, crude fibre 
intakes have been included in this review. 
The comparative intakes of crude fibre by omnivores, vegetarians 
and vegans are summarised in Table 1. It is abundantly clear that 
there is a high degree of variability in the intake of crude fibre 
in all of the dietary groups. Moreover, the same is also true of 
energy intake. However, the predominance of carbohydrate as a source 
of energy (Table 2) is in keeping with the observations made on the 
consumption of unrefined foods (p. 6). 
-9- 
TABLE 2 
The percentage distribution of energy in the diet of vegetarians 
and vegans in crude fibre studies. 
Source Diet Percentage of energy 
Protein Carbohydrate Fat 
Hardinge et Vegetarian: 
al. (1958)a" Adolescents 13 53 34 
Adults 12 54 33 
Pregnant women 15 52 33 
Vegan 10 55 35 
Brooks (1978) Vegan 12 56 32 
Freeland Graves Omnivorous 17 41 42 
et al. (1980)b. L-O-vegetarian 13 51 36 
L-vegetarian 12 56 31 
Vegan 8 64 28 
a"Values taken from a review on the nutritional status of vegans 
and vegetarians by Ellis and Mumford (1967). 
b"Values calculated from grams of*protein, fat and carbohydrate 
in the various diets. 
Apart from the shortcomings implicit in the use of crude 
fibre estimations in studies on humans the variability of crude 
fibre intakes could also be attributed to other methodological 
features. These have been identified (Table 1) as follows. 
Trappist monks were studied by Eastwood (1969) and Harland and 
Peterson (1978). Most of the studies were undertaken in the 
U. S. A. Only two were in fact conducted in the U. K. (Eastwood, 
1969; Brooks, 1978). Variability with regard to sex distribution 
of subjects was also noted. More than half the vegetarians and 
vegans in Freeland Graves et al. 's (1980) study were male. 
All the subjects were male in Eastwood's (1969) and Harland 
and Peterson's (1978) studies. The effect of seasonal variation 
in any of the studies is unknown. Only one of the studies 
scored highly with regard to the dietary survey techniques used 
-10- 
(Hardinge et al., 1958). Moreover, in one study 
(Brooks, 1978) the 
procedure for matching foods eaten with those in tables of food composi- 
tion was not always accurate. For example, vegan nut and currant cake 
was matched with fruit cake. As vegans tend to use wholewheat flour in 
their recipes in place of white flour the figures for crude fibre would 
have been lower than expected. 
(iii) Dietary fibre intakes 
Dietary fibre intakes have been determined by direct and indirect 
methods. The idea of using 'other' than primary sources where dietary 
fibre intakes have been calculated-is compatible with the approach taken 
by Bingham and Cummings (1980). It is important to remember that whilst 
the direct methods yield quantitative information figures derived indirectly 
can only be regarded as estimations. 
(a) Indirect assessment 
Food intake data derived from the literature were used as a basis for 
estimating dietary fibre intakes. 
Plimmer (1939) gave figures for the quantities of cereal foods allowed 
for each boy, per week, at Wycliffe College. On the assumption that most 
of these foods were unrefined the daily intake of dietary fibre from this 
source alone would have been approximately 30 grams. The description of 
meals eaten by the boys indicated that the diet was cereal orientated. 
Crisp brown rolls and brown bread ad lib were served at breakfast. On 
four mornings a large soup plate of breakfast cereal was included. For 
three to four days of the week brown bread and biscuits were served as part 
of the midday meal. At tea mostly brown bread and a little white were 
served and at supper wholemeal biscuits were provided. In addition to 
these cereal foods there were a number of 'hidden' sources in the form of 
composite dishes. For example, cheese pudding; cheese sauce; welsh rarebit; 
nut and cheese pasties; nut cutlets or sausages; vegetable pie; macaroni 
cheese; steamed pudding and apple tart. 
Groen and co-workers (1962) studied the eating habits of vegetarian 
Trappist monks in Holland and Belgium. The intake of dietary fibre 
from brown bread was estimated to be 26 grams per day during the 
non-fasting period. The quantity of bread eaten daily ranged from 
375 to 650 grams. The amount of fibre derived from other cereals 
was negligible. 
Guggenheim and colleagues (1962) surveyed the eating habits of 
119 vegans living in Jerusalem, Tel-Aviv and some smaller places. 
The subjects were estimated to consume approximately 13 grams of 
dietary fibre per day from bread and rice although other cereals were 
also eaten. These investigators noted that dark and wholewheat bread 
amounted to 75 percent of the total bread eaten, in contrast to the 
strong preference for white bread shown by the Israeli population 
in general. It was interesting to note Guggenheim and colleagues' 
comment that in comparison with the Israeli population the vegans 
consumed much less bread and cereals. This observation is compatible 
with that of Widdowson's (p. 6). 
Vegetarians living in an agricultural community in the U. S. A. 
(Mirone, 1954) were estimated to consume a total of 32 grams per day, 
61 percent of which was derived from cereals. Wholewheat bread was 
the mainstay of this diet and throughout the year this foodstuff 
appeared on the menu at breakfast, dinner and supper. Approximately 
33 percent and 6 percent of the dietary fibre consumed by this group 
was obtained from vegetables and fruit respectively. 
Energy intakes were reported in three of the studies. In two of 
them (Mirone, 1954; Guggenheim et al., 1962) energy intakes were 
lower than recommended allowances. Groen et al. 's (1962) non-fasting 
Trappist monks on the other hand had higher intakes than their 
Benedictine controls. The percentage distribution of energy as 
shown in Table 3 indicates that carbohydrates formed the major 
source of energy. 
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TABLE 3 
The percentage distribution of energy in the diet of vegetarians 
where dietary fibre intake has been estimated. 
Source Percentage of energy 
Protein Carbohydrate Fat 
Mirone (1954) 10.5 81 8.4 
Groen et al. (1962)as 14 60 26 
a, Values quoted represent the non-fasting period. 
Problems in the interpretation of the data relating to dietary 
fibre intake arise for a number of reasons. In Mirone's (1954) study 
figures were derived from two specimen menus representing single days 
during summer and winter. Actual quantities of food eaten were not 
always given by the author and consequently portion size had to be 
assessed on the basis of published work (Pennington and Church, 1980). 
The food intakes in Guggenheim and Co-workers' (1962) study were based 
on the weights of food as purchased, no account was taken of wastage. 
Similarly, rations per boy (Plimmer, 1939) are questionable in this 
respect. In the study by Groen et al. (1962) the bread consumed was 
78 percent extraction and was matched for brown bread which is 85 
percent extraction as this was the nearest equivalent food. 
Moreover, all of these data are open to question as the subjects 
studied were living in school (Plimmer, 1939) religious (Groen et al., 
1962) and agricultural (Mirone, 1954; Guggenheim et al., 1962) 
communities. Only one of the studies was conducted in Britain 
(Plimmer, 1939). Seasonal variation was accounted for in two of the 
studies (Marone, 1954; Groen et al., 1962). Although, in the case of 
the Trappist monks, reference in this review has only been made to the 
non-fasting period in the summer. In three of the surveys all of the 
subjects were male (Plimmer, 1939; Mirone, 1954; Groen et al., 
1962). 
It would appear that an even more approximate measure of dietary 
fibre intake in vegetarians has been used by researchers in Finland. 
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Miettinen and Tarpila (1978) measured / -sitosterol in the stools of 
vegetarians and omnivores and noted that the excretion of this plant 
sterol was higher in the former group. This finding was attributed 
to higher intakes of plant materials and fibre by vegetarians. 
These authors suggested that t -sitosterol provides a rough measure 
of fibre intake. However, as pointed out by them, this approach is 
open to criticism, for B -sitosterol content varies greatly between 
sources and is not consistently related to fibre content. 
(b) Direct assessment 
Although no study of dietary fibre intake comparable with that 
of Bingham and her colleagues (1979) has been carried out on vege- 
tarians or vegans, several investigators have assessed the dietary 
fibre intakes of such people (Table 4) in relation to specific 
health issues: (Gear et al., 1979; Huijbregts et al., 1980; Reddy et 
al., 1980; Treuherz, 1980; Abdulla et al., 1981; Anderson et al., 
1981; Burr et al., 1981). On average, omnivores consumed the least 
(21 grams per day); vegetarians ate half as much again (34 grams per 
more than 
day) and vegans consumed/twice as much as omnivores (52 grams per 
day). The overall figure for vegetarians is in line with estimated 
intakes in Mirone's (1954) study. That of omnivores is compatible 
with U. K. figures (Southgate et al., 1978; Bingham et al., 1979). 
Differences in the proportion of fibre obtained from various 
food sources between omnivores and vegetarians were also noted. 
These are summarised in the following table. 
TABLE 5 
The percentage distribution of dietary fibre amongst different 
food groups in vegetarian studies. 
Source Diet Dietary fibre percent 
Cereals Vegetables Fruit 
Anderson et al. (1981) Vegetarian 28 39 30 
Gear et al. (1979)a. Vegetarian 40 35 23 
Omnivorous 37 45 12 
a"Values taken from a review on sources and intakes of dietary fibre in man by Bingham and Cummings (1980). 
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A lower proportion of fibre consumed by vegetarians was obtained 
from vegetables than by omnivores. The estimated proportion of fibre 
from this source in vegetarians (14irone, 1954) is in line with this 
finding. In contrast to Mirone's findings, vegetarians consumed a 
higher proportion of fibre from fruit than did omnivores. In one-of 
the studies (Gear et al., 1979) the percentage intake of cereal fibre 
by vegetarians was higher, and in the other (Anderson et al., 1981) 
lower, than that of omnivores. 
The assessment of dietary fibre intake according to sex (Abdulla 
et al., 1981; Burr et al., 1981) showed that males consumed more fibre 
than females (Table 4). Correspondingly, the energy intakes were 
higher. The energy intakes are particularly interesting in the light 
of Bingham and colleagues' (1979) observation that the lowest fibre 
intake was found in people attempting to slim by reducing energy intake. 
It would seem from Table 4 that high intakes of fibre can be achieved 
even when energy intakes are not particularly high.. Thus, a low energy 
input does not necessarily result in a low fibre intake. Moreover, the 
'high-fibre' weight reducing diet (Eyton, 1982) shows that this is 
possible. 
The amount of energy derived from protein, fat and carbohydrate 
varied in the different studies as shown in the following table. 
TABLE 6 
The percentage distribution of energy in the diet of vegetarians and 
vegans in dietary fibre studies. 
Source Diet Percentage of energy 
Protein Carbohydrate Fat 
Huijbregts et al. (1980)"a. Omnivorous 15 44 41 
Vegetarian 14 50 36 
Abdulla et al. (1981) Omnivorous 12.5 47.5 40 
Vegan 10 61 29 
Burr et al. (1981) a. Omnivorous 15 43 42 
Vegetarian 13 45 42 
a. Values estimated from grams of protein, carbohydrate and fat in 
the diets. 
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Overall there was in fact little difference between the diets of 
omnivores and vegetarians in this respect. Conversely, the proportion 
of energy in the vegan diet derived from carbohydrate was higher than 
that in omnivorous and vegetarian diets. Moreover, the percentage of 
energy obtained from fat was lower. 
It was interesting to note that Stephen. -(1981) achieved a fat to 
energy intake of 31.4 percent quite unintentinnally as a result of 
planning a diet around a dietary fibre intake of 40 grams per day. On 
this basis she concluded that a high fibre diet was invariably one which 
was high in starch and could be low in fat. 
Attractive as these findings might be in relation to those of 
Burkitt and colleagues (1972), all of these data are open to severe 
criticism on the basis of the methodologies used. In the light of this 
the observations made should be considered with reservation. 
Although the studies discussed in this review were undertaken in 
the west, thus eliminating some of the problems associated with differ- 
ences in lifestyle of sophisticated and less sophisticated societies, 
only three of the studies were carried out in the U. K. (Table 4). The 
U. K. figures for the dietary fibre intakes of omnivores differ from 
those observed in other countries. Omnivores in Britain consumed more 
fibre (Gear et al., 1979; Treuherz, 1980; Burr et al., 1981) than those 
in New York (Reddy et al., 1980) and less than those living in Holland 
(Huijbregts et al., 1980). How far geographical differences are signi- 
ficant is difficult to assess. Reddy and colleagues (1980) showed that 
non-vegetarian Finns had higher dietary fibre intakes than the New York 
vegetarians. Differences in fibre intake were attributed to the high 
consumption of wholegrain rye bread and cereals by the Finns and the 
higher consumption of fresh fruit and vegetables by the vegetarians. 
It is perhaps of interest to note comments made by Bingham and Cummings 
(1980) when comparing the dietary fibre intakes of Finns and Danes. The 
former group consumed almost double the dietary intake of the latter. 
-17- 
These differences were due to rye bread and crispbread consumption, 
which are the staple foods of rural Finns, whereas white bread is more 
popular in Copenhagen. 
To what extent any changes in fibre intake might have been-due to 
seasonal variation in eating habits is unknown. Bingham and Cummings 
(1980) pointed out that dietary surveys to assess fibre intakes must 
take into account the time of the year (p. 45). 
Sex differences in fibre intake have been referred to in several 
studies on dietary fibre although this is not necessarily the rule 
(Bingham and Cummings, 1980). The fact that such differences have been 
noted in this review (p. 15) suggests that data in which no differentia- 
tion is made between the sexes and fibre intake (Gear et al., 1979; 
Treuherz, 1980) or indeed where samples are sex biased (Huijbregts et 
al., 1980; Reddy et al., 1980; Anderson et al., 1981) should be 
interpreted with caution. 
The number of subjects in the dietary groups differed. It seemed 
that omnivores and vegetarians were well represented but the vegans, as 
singled out, were poorly so. This picture is even further confused by 
the fact that some of the so-called vegetarians were actually vegans 
(Anderson et al., 1981; Burr et al., 1981). Sanders (197& commented 
that some of Gear's subjects were also vegan. 
Two of the studies may be questioned on the grounds that the diets 
were not necessarily the habitual diets of the subjects. In one 
(Huijbregts et al., 1980), subjects kept to a stable diet from day to 
day. In the other (Abdulla et al., 1981), all foods were provided by a 
vegan centre. 
Most of the studies stated the time the subjects had been on a 
vegetarian diet (Table 4). However, Huijbregts et al. (1980) and 
Treuherz (1980) failed to comment on this. 
No dietary data should be accepted without first ascertaining the 
method by which food intake was measured (Bingham and Cummings, 1980). 
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There was considerable variation in the dietary survey techniques 
used (Table 4). All of these methods can be criticised in various ways 
(harr, 1971). It is likely that only one of the studies (Burr et al., 
1981) was satisfactory with regard to this. When it comes to vegetarian 
and vegan foods there is an immediate problem because standard tables 
of food composition frequently omit many of the foods consumed 
(Miller 
and Mumford, 1972). How far, and to what extent, the different authors 
experienced problems in matching foods eaten with those of food tables 
is not known. In one of the studies dietary fibre intake was determined 
gravimetrically (Abdulla et al., 1981), this method is open to question 
(Bingham and Cummings, 1980). Indeed when using such methods Johansson 
et al., (1979) found that vegans consumed five times the amount of fibre 
than omnivores. In Reddy et al. 's (1980) study no reference was made 
to the source of fibre figures. 
2. BOWEL FUNCTION 
Parallel with the fibre story and there being no recommended 
amount, is the fact that criteria for 'healthy bowels' have yet to be 
established (Godding, 1980). It was against such a background that 
an attempt was made to find out if bowel function in Western vegetarians, 
vegans and omnivores differed. Consideration was given to specific 
parameters of bowel function. 
(i) Transit time 
Transit time in vegetarians has been measured in three studies 
(Table 7). In all of these the transit time was found to be shorter in 
vegetarians than in omnivores. However, ranges quoted in two of the 
studies (Burkitt et al., 1972; Holm and Hansen, 1975) show that although 
the shortest transit time was found in a vegetarian subject and the 
longest in an omnivore, both short and long transit times occurred 
irrespective of dietary grouping. 
(ii) Frequency of defaecation 
Frequency of defaecation has been noted in two vegetarian studies. 
Goldberg and colleagues (1977) reported the mean number of bowel movements 
-20- 
daily for Seventh Day Adventist vegetarians and omnivores as being 1.8 
and 1.4 respectively. Kuhnlein and co-workers (1981) also observed that 
the frequency of bowel motions daily was greater in vegetarians and 
vegans than in omnivores - i. e., 1.6 for the former and 0.9 for the 
latter. 
(iii) Stool 'wet weight 
In 1914 Cammidge concluded that the amount of faeces is increased 
by a diet rich in vegetables and starchy foods and is diminished by one 
consisting of meat or rich in animal protein. More recently, Burkitt and 
his colleagues (1972), Holm and Hansen (1975) and Miettinen and Tarpila 
(1978) have shown that the quantity of faeces passed daily by vegetarians 
is more than twice that of omnivores (Table 7). Kuhnlein and co-workers 
(1981) examined individual stools of vegans, vegetarians and omnivores 
and concluded that the faecal wet weights did not vary significantly. 
However the greater frequency of defaecation of the two former groups, 
as noted in the same study, would suggest that the daily faecal weights 
were higher in such subjects. It was interesting to note the range of 
weights quoted by Burkitt and colleagues (1972) and Holm and Hansen (1975). 
Low faecal weights were found in both vegetarian and omnivorous groups but 
the highest weights were found in the former. Despite the overall 
continuity of these findings with the dietary fibre hypothesis, all of 
the figures quoted are open to criticism. 
It is difficult to separate those in a given population who are 
healthy (p. 31) from those who are apparently so (Barrow et al., 1960). 
Godding (1980) emphasised the importance of the fulfilment of agreed 
health standards with regard to the assessment of bowel function. This 
point should not be underestimated, particularly as Gear and co-workers 
(1981) have shown that transit time is significantly shortened in those 
who have diverticular disease. The health status of subjects was descri- 
bed in four of the studies (Table 7) discussed. Of these, it seemed 
that three were probably satisfactory in this respect (Holm and Hansen, 
1975; Miettinen and Tarpila, 1978; Kuhnlein et al., 1981). 
-21- 
The period of time for which stools were collected in relation to 
the specific measurements of bowel function was probably satisfactory in 
three of the studies (Burkitt et al., 1972; Holm and Hansen, 1975; Gear 
et al., 1981) only. Moreover, the method used for the measurement of 
transit time (Hinton et al., 1969) in two of the studies (Burkitt et al., 
1972; Holm and Hansen 1975) has since been superseded (p. 77). Also of 
-possible significance is the fact that none of the studies took account 
of stool consistency or form. 
Dietary information relating to vegetarians and vegans given in the 
different studies varied a great deal. Kuhnlein et al. (1981) merely 
identified subjects according to dietary practice. Apart from the fact 
that some of Burkitt et al. 's (1972) so called vegetarians were vegan 
(Burkitt and Painter, 1975) the diet was simply described as "mixed". 
Several authors referred to the duration of diet (Holm and Hansen, 1975; 
Goldberg et al., 1977; Miettinen and Tarpila, 1978; Gear et al')1981). 
It is likely that these studies were satisfactory in this respect. The 
importance of adaptation is well documented in relation to other aspects 
of vegetarian and vegan diets (Ellis and Mumford, 1967; Freeland Graves 
et al., 1980). Holm and Hansen (1975) gave figures for crude fibre based 
on 6 day weighed food intakes showing that vegetarians consumed more than 
twice the amount of crude fibre than omnivorous controls. Gear et al. 's 
(1981) subjects were selected on the basis of low and high fibre intakes 
for omnivores and vegetarians respectively. These authors noted that 
individuals eating less than 30 grams fibre daily showed a wide range 
of transit times whereas those eating larger amounts had a narrower range, 
with none exceeding 75 hours. However, the figures are difficult to 
interpret because more than half of the subjects were consuming below 
30 grams of fibre daily. Burkitt et al. (1972) and Gear et al. (1981) 
failed to indicate the age of their subjects. However, the latter 
investigators found that there was no association between age and transit 
time. In the other studies differences in the age distribution of 
participants were noted (Table 7). Of further concern is the fact that 
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elderly subjects were included in some of the studies (Holm 
and Hansen, 1975; Goldberg et al., 1977). The likelihood of 
such people having constipation (Exton-Smith, 1972) makes for 
difficulty in the interpretation of surveys in which subjects 
are not matched for age. 
The fact that the sex distribution was not stated or indeed 
biased towards males or females (Table 7) strongly indicates 
that a great deal of caution is needed in the interpretation of 
the measurements quoted. The significance of this cannot be 
overestimated in view of the finding that males have shorter 
transit times than females (Gear et al., 1981). 
None of the studies took account of phases in the menstrual 
cycle. The relevance of this to bowel function is uncertain. 
Rees and Rhodes (1976) noted alterations in bowel habit during 
menstruation. Moreover, Leeds and his colleagues (1982), reported 
the retention of markers on the day preceding the menstrual 
period with the release of a large number of them on the follow- 
ing day. Conversely, Wyman and colleagues (1978) and Marlett 
and co-workers (1981), did not detect any changes in transit time 
which could be related to the stage of the menstrual cycle. 
Only two of the studies were undertaken in the U. K. (Burkitt 
et al., 1972; Gear et al., 1981). Thus to what extent geographi- 
cal differences might have been relevant is impossible to say. 
3. PREVALENCE OF THE 'CHARACTERISTICALLY WESTERN DISEASES' 
Relatively little is known about the long-term consequences 
of a vegetarian diet (Gear et al., 1980) and yet such a diet 
has been credited with minimising some of the diseases of 
affluence (Dwyer, 1979). It is difficult to obtain evidence 
that vegetarians or vegans are more, or less healthy, than other 
people (Hillman, 1981). One of the problems is that vegetarians 
and vegans are thought to be more health conscious than 
omnivores, and the adoption of specific dietary patterns may be 
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accompanied by changes in lifestyle which may themselves reduce 
the 
tendency to develop one or other of these western diseases. Studies of 
disease patterns on vegetarians have tended to be concentrated on 
people who belong to religious groups who 
include a more or less vege- 
tarian diet as a tenet of their faith. It would seem therefore 
that 
conclusions about the effects on health of a specific 
factor, namely 
diet, would have to be interpreted with a great 
deal of caution. 
A large list of disorders has been suggested to be due to 
lack 
of dietary fibre as an aetiogical factor 
(Royal College of Physicians, 
1980). Few of these have been investigated with specific reference 
to 
the consumption of a vegetarian or vegan diet. Information such as 
it 
is, pertaining to the prevalence of the different disorders will now 
be 
reviewed. 
(i) Constipation 
The vegetarian and vegan subjects in Hardinge and colleagues' 
(1958) 
study reported the absence of constipation. On this basis it was conclu- 
ded that the intake of crude fibre in the diet of vegetarians for long 
periods of time appears wholly compatible with the normal functioning 
of the gastrointestinal tract. More recently, Eastwood kl 969) and 
Brooks (1978), have presented findings that are in keeping with this. 
Vegetarian Trappist monks who were accustomed to eating wholewheat bread 
complained of constipation when it was replaced with white bread 
(Eastwood, 1969). Some of the vegans in Brooks's study reported the 
disappearance of constipation after changing to a vegan diet. 
In all of these studies constipation was diagnosed subjectively. 
Obsession with bowels may be such that people think they are constipated 
when they are not. This point was emphasised by Exton-Smith (1972) with 
reference to old people. 1nhen estimating the incidence of this complaint 
it is important to ascertain what the subject understands by constipation 
(Exton-Smith, 1972). It is essential that symptoms are described 
adequately and that interpretation of them is made by a suitably 
qualified person. Although even here. difficulty can arise because of 
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problems in defining the disorder. 
Another area of concern in the interpretation of these data is the 
period of time for adaptation. In Eastwood's study it is likely that 
subjects had insufficient time to adapt to the reduced fibre intakes as 
the experiment was of short duration. Although in the other two 
studies it was likely that adaptation was allowed for. 
Ellis and his colleagues (1976) commented upon differences in the 
intake of laxatives between vegans and omnivores. Of the males 3 percent 
and 16 percent respectively reported that they took aperients. In the 
case of females none of the vegans took laxatives, whereas 18 percent 
of the omnivores did. This finding is interesting, since it is common 
clinical observation that women are especially prone to complaints of 
constipation (Gear et aL, 1981). It is perhaps noteworthy that the 
figures relating to the intake of aperients by omnivores are in keeping 
with Taylor's (1975) findings on normal bowel habit. It was unfortunate 
that Ellis and his co-workers did not clarify the position with regard 
to frequency of intake. Furthermore, if an assessment of laxative 
consumption is to be made with any degree of accuracy, it is necessary 
to establish the other pharmaceutical practices of the subject. A 
number of medical preparations include laxatives in their formulae. 
Moreover, it is questionable whether laxative intake is indicative of the 
presence of constipation. 
(ii). Appendicitis 
As long ago as 1926, Williamson commented that a predominantly 
vegetarian diet and the regular passing of semi-solid stools might reduce 
the incidence of appendicitis. However, Ellis and his colleagues (1976) 
noted that there was no significant difference between the number of 
vegans and omnivores having undergone appendicectomies. This is perhaps 
surprising in the light of observations made and the findings that those 
who ate wholewheat bread had a lower incidence of appendiciti"sthan those 
who did not (Westlake et al., 1980). 
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(iii) Diverticular disease 
Sanders (19781 concluded on the basis of studies carried out by 
Gear et al. (1979), that vegetarians might be less prone to diverticular 
disease. Low intakes of cereal fibre were associated with the presence 
of diverticular disease. 
(iv) Diabetes mellitus 
Death rates from diabetes decreased in'Britain during the two world 
wars, alongside dietary changes that were reminiscent of the vegetarian 
diet (Trowell, -1975). Moreover, Ellis and Montegriffo 
(1971) suggested 
that vegans might be less prone to diabetes on the basis that they have 
lower body weights. However, Ellis and his colleagues (1976) the only 
investigators to report on the incidence of this disorder in vegans, 
found that there was no significant difference in the prevalence of 
diabetes between such people and omnivores. 
(v) Coronary heart disease 
Ellis and his colleagues (1976) reported that none of the vegans 
in their study had suffered with angina pectoris or myocardial 
infarction. Conversely, four of the omnivore controls had the former 
and one the latter manifestations of C. H. D. Although the sample was 
of small size it encouraged Ellis and Sanders (1977) to put four patients 
with intractable angina pectoris on to a vegan diet. The symptoms were 
relieved and others have been encouraged to pursue further on this 
subject (Burr et al., 1981). 
(vi) Varicose veins and haemorrhoids 
Ellisand his colleagues(1976)reported that there was no significant 
difference in the incidence of varicose veins and haemorrhoids in their 
vegans and omnivores studied. Moreover, Gear (1978) found that the 
prevalence of the former disorder in vegetarians and omnivores was 
similar, and no positive relationship between low fibre consumption and 
the occurrence of varicose veins could be detected. Contrary to these 
findings, Brooks"(1978) commented that out of his fifty-three vegans, 
three reported 'no more piles' and two claimed that their varicose 
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veins disappeared after changing to a vegan diet. 
The problem with all of these studies (ii)-(vi) is that the number 
of subjects was small. Consequently, it is difficult to extrapolate to 
generalisations about disease prevalence. As well as this, the lack of 
detail with regard to duration of diet poses further interpretive 
problems. In Gear et al. 's (1979) study on diverticular disease the 
diagnostic methods were sound. However, difficulties in diagnosis (Long, 
personal communication) were experienced in his study of varicose veins 
(1978). Moreover, the studies by Ellis et al. (1976) and Brooks (1978) 
can be criticised on the basis that self-diagnosis was likely. The 
danger of this should not be under-estimated in studies where people 
are particularly motivated by an interest in health (Ellis, personal 
communication). No reference was made in any of the studies on varicose 
veins and haemorrhoids to the physiological status of females. Thus, 
to what extent pregnancy intervened is unknown. Jagelman (1972) pointed 
out that pregnancy is the most direct cause of haemorrhoidal congestion. 
It may be concluded as others have done (Dwyer, 1979) that the lack 
of data prohibits verification of the suggestion that vegetarianism might 
effect a protective role against certain diseases. Moreover, the 
prevalence of some of the disorders associated with low fibre diets. 
amongst vegetarians and vegans has not been specifically investigated. 
This matter is of some importance as it would seem that a vegetarian 
diet, as compared with a vegan one, differs little from that of omnivores 
in energy intake and the distribution of energy between protein, fat 
and carbohydrate. 
Along with the positive effects of increased fibre in the diet there 
have been reports of decreased bioavailability of nutrients (Kelsay, 
1982). Nutritiönally bivalent metals combine with dietary fibre to 
form complexes that may decrease availability for absorption (Reinhold, 
1982). Moreover, high fibre diets have been incriminated in the 
aetiology of large bowel volvulus (MMlorson and Dawson, 1979,. Neither 
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the incidence of disorders associated with the nutrient deficiencies 
or large bowel volvulus has been studied in vegetarians and vegans 
living in the tlest. 
CONCLUSION 
It seemed that some re-examination of the validity of the fibre 
hypothesis in free-living individuals might provide some useful 
information and that particular attention should be focussed on 
(1) the relationship of dietary fibre intake to bowel function 
(2) the health of a large number of people adhering to omnivorous, 
vegetarian and vegan diets to provide more reliable information about 
the relative incidences of disease, than that hitherto available in 
studies in the west. 
The words of Southgate (1982) were favourable in respect of this 
approach: - 
"Evaluating the dietary fiber hypothesis involves both evidence 
for epidemiological association and evidence for mechanisms of action 
under such conditions that parallel the dietary compositional features 
seen in the epidemiological studies ..... Whether at the end of the work 
a clear link between dietary fiber intake and health and disease will 
emerge is unclear at present. I think that our guide should be the 
words of Modan in Bazil': 'the prospects are too good to pass up! ' ". 
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CHAPTER TWO 
SUBJECTS AND METHODS 
-29- 
CVnmTAM T 
SUBJECTS AND QUESTIONNAIRE 
1. STUDY POPULATION 
(i) Choice 
The study population is often chosen when the topic of the 
investigation is defined (Abramson, 1979). This was true of the 
present study for it was crucial (Chapter I) that omnivores, 
vegetarians and vegans should all be the subject of observation. 
(ii) Access 
The Electoral Register is a convenient sampling frame with 
regard to the population as a whole. In this study it was used as 
a basis for gaining co-operation from omnivores of voting age. 
Where the target group is a small minority the Electoral Register 
can be prohibitively expensive (Hedges, 1978). Thus, in the present 
investigation it was necessary to seek the co-operation of the two 
minority groups elsewhere. Here, it seemed that questions raised 
by Abramson(1979) were relevant: - 
"Is it an 'accessible' population to which the investigator 
already has an entree? Is it likely to cooperate in the study, 
or will it be a 'resistant' one, possibly as a result of 
having been 'over-researched' in the past? " 
The Vegetarian and Vegan Societies were aware of the fact that 
their members were frequently sought after for the purpose of re- 
search, and concern was expressed by the Societies about the possi- 
bility of their members being 'over-researched' (Long, personal 
communication; Jannaway, personal communication). In view of this, 
immediate access to members' names and addresses was not given. 
Advertisements, asking for volunteers were published by the 
Vegetarian and Vegan Societies in the journals 'Alive' and 'The 
Vegan'. Access to names and addresses was eventually given by the 
Vegan Society when the response rate to their request for volunteers 
attracted three subjects only. 
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Frequently, easily obtained information about the total study 
population is acquired, and that which requires more intensive investi- 
gation is limited to one or more samples (Abramson, 1979). In the present 
study retrospective information was derived from the total study popula- 
tion, and volunteers from this source were the subject of detailed 
observation. 
2. POSTAL SURVEY 
(i) Obtaining volunteers 
Volunteers in response to the advertisements, all full members of 
the Vegan Society, and a random sample from the Electoral Register of 
Epsom and Ewell, were contacted by means of the postal survey technique. 
A total of 1177 questionnaires were distributed as follows: - 
Electoral Register 230; Vegetarian Society 628, and the Vegan Society 319. 
(ii) Motivation of recipients 
It is generally accepted that for any survey the response rate will 
be related to the degree of motivation of the subject. There is, however, 
no definite evidence from surveys that indicates the best approach to 
motivation (Alderson, 1976). 
In order to persuade recipients to open the envelope, Brook (1978) 
emphasised the importance of good quality envelopes, neat labelling and 
the naming of the intended respondent. If the letter can actually be 
addressed by name to the intended respondent it will carry more weight 
than any address such as 'The Occupier' or 'The Householder' (Mann, 1968). 
Thus, in this study, names and addresses of potential subjects were typed 
on to good quality envelopes. 
An explanatory note stating the purposes of the study is essential 
(Mann, 1968; Parsons, 1973; Brook, 1978; Abramson, 1979). Surveyors are 
all too ready to expect people to answer their questions without being 
told what it is hoped to gain from the survey (Moser and Kalton, 1971). 
In the present investigation, covering letters (Appendices 1 and 2) were 
sent to the non-volunteers to clarify these issues. A statement about 
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confidentiality was included in accordance with recommendations 
made by Abramson (1979) and Brook (1978). The fact that subjects 
would have access to the findings was also mentioned as a further 
stimulus to motivation. To retain the goodwill of the volunteers, 
letters expressing thanks (Appendix 3) were sent to subjects who 
responded to the advertisements. 
Ideally,. the questionnaire should be printed rather than dupli- 
cated, on good quality paper (Parsons, 1973). The importance of this 
came to light during the pilot study, when the questionnaires were 
duplicated on paper of inferior quality. Thus, the final question- 
naires for use (Appendix 4) in the present study were printed on good 
quality paper. The first few questions were deliberately. simple to 
encourage the recipient to begin filling in the answers. This was in 
line with recommendations made by Brook (1978). Abramson (1979) sug- 
gested that questions should be phrased in language that it is-belie- 
ved the respondents will understand, and that medical terms may occa-' 
sion much difficulty. However, in this study, medical terms were used. 
If subjects had knowingly suffered from any of the disorders cited 
they should be able to recognise the medical terms. There is little 
value in questions concerning events or experiences which had little 
impact and which many subjects will not recall such as minor injuries 
(Abramson, 1979). 
"Typically, people take more notice of having a limb amputated than 
they do of scratching a finger;.: "(Hindley, 1979). 
It seemed likely that the serious nature of the disorders of interest 
in the present study would . have merited them as memorable. The 
problem posed was not so much one of recollection, but rather more of 
awareness. Disorders with mild or no symptoms are particularly likely 
to remain undiagnosed. For example, people who have not been told they 
have diabetes cannot report that they have the disease (Abramson, 1979). 
The prevalence of symptomless diverticular disease in Gear and colle- 
agues'(1979) subjects exemplifies this point. Moreover, coronary heart 
disease may not be detected until the patient suddenly dies. Consequen- 
-32- 
tly, in this study, it is important to note that persons diagnosed as 
having a disorder are not necessarily representative of all those who 
have the disease. Moreover, the diagnosis itself may be questionablö. 
Shannon et al. (1977) gave an account of a girl who had a normal app- 
endix removed when it was fairly certain that the clinical picture was 
one of the irritable bowel syndrome. Reference to other conditions 
which mimic appendicitis and to the aphorism relating to the manage- 
ment of patients suspected of having acute appendicitis "When in doubt 
take it out" was in fact made in the British Medical Journal (Editorial, 
1976). Furthermore, subjects who had not been diagnosed as having any 
of the disorders listed might, when completing the questionnaire, 
possibly have felt some degree of frustration. Informants are often 
intolerant of questions that do not 'fit' their own circumstances 
(Menneer, 1979). 
The greatest disadvantage of postal questionnaires is that many 
people do not return them. If a stamped, addressed envelope is enclo- 
sed the response is likely to be much higher (Parsons, 1973). Mann 
(1968) was of the opinion that it is grossly impertinent to send a 
questionnaire by post and to expect the recipient to pay the return 
postage. Brook (1978) suggested that stamping was preferable to the 
reply-paid system on the basis that stamped return envelopes have fre- 
quently been shown to boost response. This method was favoured by Mann 
(1968) on the grounds of its being a courteous gesture which in 
effect says that an answer really is expected. Thus, in this study, 
stamped, addressed envelopes were sent with questionnaires to 
encourage subjects to return them. 
(iii) Questionnaire 
Objectives 
The questionnaire was drawn up to ascertain the: - 
(a) Age, sex and social class of informants (Q2-5) 
(b) Age of the subject with regard to becoming omnivorous, vegetarian 
and/or vegan (Q6) 
(c) Age at which females gave birth or aborted (Q7) 
-33- 
(d) Age at which subjects had been diagnosed to have any of the 
following disorders: iron deficiency anaemia, osteomalacia, rickets, 
angina pectoris, coronary thrombosis, haemorrhoids, varicose veins, 
anal fissure, appendicitis, cancer of the colon or rectum, constipa- 
tion, diabetes mellitus, diverticular disease, diverticulitis, 
diverticulosis, gallstones, hiatus hernia, irritable bowel syndrome 
and volvu)us of the large bowel; by whom the diagnosis was made, and 
any other information that the subject thought might be relevant(Q8). 
(e) Nature of treatment given for the disorders encountered by the 
subject, the number of outpatient appointments, days in hospital for 
this, and any information that the subject believed to be relevant 
(Q9 and Q10). 
(f) Nature, quantity and frequency of taking any medical or other 
preparations during the last week, and whether or not these were 
derived by way of medical prescription (Q11). 
(g) Reasons why subjects became vegetarian or vegan in order of 
merit (Q12). 
(h) Co-operation of subjects living within. athirty mile radius of 
London who would be willing to participate in Part 2 of the study. 
(i) Care in coding of the data for computer analysis bearing in mind 
the recommendation by Abramson (1979) that the format of the question- 
naire should be one making for ease and accuracy" in the recording 
and coding of responses. 
(iv) Response rate 
The overall response rate was 79 percent. However, it was noted 
that there was a discrepancy between the responses of the control and 
experimental groups, i. e. 34 percent and 86 percent respectively. The 
fact that about 3 percent of electors will have moved by the time regi- 
sters come into use and by the time the registers come to the end of 
their life this figure will have risen to 12 percent (Hedges, 1978) did 
not account for the poor co-operation rate of control subjects. Care had 
been taken to obtain addresses from the new 1978 register and all 
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questionnaires within this category were posted soon after. Moreover, 
the high number of questionnaires returned without completion 
indicated that they had been received. Low response rates from the 
Electoral Register had in fact been commented upon by Bingham, (per- 
sonal communication). In the present study the high degree of 
co-operation given by the experimental groups might have been a reflec- 
tion of the interest of vegetarians and vegans in health as a 
motivation of their following these dietary regimes. 
(v) Coding 
The questionnaires were examined to ensure that they had been com- 
pleted adequately. Ten subjects were eliminated - eight of these were 
not included because of ambiguity in their response to Question 6. 
Failure to answer this question properly rendered unclear the duration 
of adherence to the different dietary regimes. One respondent was 
dismissed because the questionnaire was covered with anecdotes, quota- 
tions and justifications for the disorders suffered, and another, 
because it was covered with offensive comments. 
The answers given on the first and last pages of the questionnaires 
were coded for ease in sorting. The final coding and transference of 
these details on to computer sheets was undertaken when subjects had 
been classified with respect to age, sex and diet (p. 35). It was noted 
that more omnivores, including those of below voting age, were needed 
for the retrospective part of this study. Moreover, there was a short- 
age of volunteers for the survey of diet and bowel function representa- 
tive of all three dietary groups. 
(vi) Obtaining more subjects 
Further questionnaires were distributed by the method of 'private 
enterprise' as used by Widdowson (1947). These were delivered as 
follows: Polytechnic of the South Bank, 50; Ewell Technical College, 
42; Queen Elizabeth College, 2; friends of participants, 29 and 
Vegetarian and Vegan Societies lectures, 76. As a result of this 
sufficient numbers were obtained for both parts of the study. 
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(vii) Matching subjects 
The period of time that each subject had adhered to an omni- 
vorous, vegetarian or vegan diet was expressed as a percentage of his 
or her life to date. Seventy-five subjects had been vegetarian for 
almost 100 percent of their lives. In order to maintain the integrity 
of the group the subsequent groupings were limited to this number, and 
the characteristics, of these long practising vegetarians dictated the 
age groupings and sex ratio of the total study population. This is 
summarised below. 
TABLE 8 
Age and sex distribution of subjects in retrospective study. 
Age group Number of subjects 
Male Female 
I - 15 2 2 
16 - 35 7 17 
36 - 55 10 9 56 + 12 16 
The broad age groups described by Jelliffe (1966) were used for 
grouping subjects although no distinction was made in this study 
between children of pre-school and school age. The ages of all sub- 
jects ranged from one year to ninety-four years. The number of females 
was higher than that of males: 58.7 percent and 41.3 percent respect- 
ively. 
Ten dietary groups were defined according to duration of diet. 
Details of these are given in the following table. 
TABLE 9 
Duration of diet of subjects in retrospective study 
Dietary group Percentage of life 
Omnivorous Vegetarian Vegan 
1 100 
2 85 13 2 
3 75 22 2 
4 64 34 2 
5 53 45 2 
6 44 53 3 
7 29 70 1 
81 97 2 
9 58 24 18 
10 43 17 40 
A note was made of the social class of subjects (Central Statistical 
Office, 1975). The highest number of subjects was in social class 2, 
followed by 3 and in third place, 1. Social classes 4 and 5 
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were poorly represented. A total of 11 percent failed to answer 
Question 5 adequately or at all. Vegan subjects were particularly bad 
in this respect: thus, this percentage of subjects had to be left un- 
classified. A summary of subject details is given in Appendix 5. 
3. SURVEY OF DIET AND BOWEL FUNCTION 
(i) Organisation 
Three factors were considered when organising this part of the 
study. These were manpower, time of year and geography. It was firmly 
decided at the outset that no more than twenty-one subjects should take 
part in the survey at any one time. The survey was carried out during 
the first and third quarters of the year (p. 45). The designated months 
included July and September 1978, and January and February 1979. Care 
was taken to include as far as possible the same number of subjects 
representative of the three dietary groups at any one time (p. 45). 
Subjects lived in a large catchment area and consideration was given to 
geographical location to save unnecessary, travelling. 
(ii) Pre-survey telephone communication 
Volunteers were contacted by telephone in the month preceding the 
survey. Subjects were questioned to ensure they were able to partici- 
pate, still following the diets as stated on the questionnaire, not 
currently suffering from any serious health disorder, not regularly 
taking any medical or other preparations that were known to affect 
bowel habit, not currently pregnant, or had not been pregnant during 
the preceding six months; and had not undergone major surgery in the 
six months leading up to the time of the survey. As a result of these 
considerations three subjects were excluded. 
(iii) Pre-survey interview 
After the sample to be studied has been selected it is advisable 
to identify the individuals before the survey is carried out (Behar, 
1976). In this study this was an important part of the procedure with 
regard to confirmation that the details recorded during the phone call 
had not altered, the assurance of subject willingness to co-operate, 
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the logistics of the operation and the collection of anthropometric 
data. Therefore, subjects were visited in their homes during the week 
before the survey was due to begin. 
A medical history was taken (Appendix 6) to check if the subject 
was eligible for participation in the study. This being confirmed, full 
details of the survey were given. 
To encourage co-operation, subjects were told that they would be 
advised of any dietetic faults. Thomson (1958) found that this was a 
satisfactory means of arousing interest and improving co-operation. The 
responsibility for young children with regard to the survey require- 
ments was taken by their mothers and in some cases help was given by 
teachers. 
The dietary survey kit was issued to the subject. A spot demonstra- 
tion of the weighing and recording operations was carried out in 
subjects' own kitchens, using foods typically eaten by them. A full 
explanation of the dietary survey procedure (p. 45) was given. 
Subjects were asked to examine the 'Pills, potions and tablets' 
sheets (Appendix 7) which were inside the Diet + Record folder. A 
typical recording for one day was made with each subject in accordance 
with any preparations likely to be taken by them. 
The procedure for taking the markers (p. 80) was described. The fact 
that the markers were harmless was emphasised. This was necessary, as 
some of the volunteers were apprehensive about swallowing them. A record 
was kept of the time that each subject usually had breakfast as a pre- 
caution against wasting X-ray film on stools passed before marker 
ingestion (p. 67). 
The stool collection kit (p. 59) was issued, and the procedure for 
collecting faeces was described (p. 61). A demonstration of the opening, 
fitting to the toilet and sealing of the primary collection bag was 
given. During the interview care was taken to direct the discussion to- 
wards the technicalities of the procedure only. Avery Jones (1972) had 
drawn attention to the fact that many patients feel embarrassed when 
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talking about their bowels. However, many of the subjects in this 
study seemed to enjoy discussing their bowel habits, and on occasion, 
it proved difficult to restrict the conversation to the limit set. 
Menstruation charts (Appendix 8) were given to menstruating 
females, who were instructed to complete the charts in accordance with 
the survey. 
Anthropometric measurements were taken to include the height and 
weight of subjects. Portable bathroom scales were used to weigh 
subjects. As it is seldom practical to weigh people naked 
(Davidson 
et al., 1979x), in this study, subjects wore light weight clothing 
during the weighing procedure. An adjustment to the recorded weight 
was made for this. To measure height, the subject stood upright, on 
firm level ground, shoeless, without raising the heels, against a 
flat vertical surface, and a flat head-piece was used. 
Each subject was identified by means of a number (1-77). The 
subject number depended upon the interview sequence. Number 13 was 
not used. After their interviews six volunteers decided not to 
proceed. The total number of subjects participating was seventy. 
(iv) Post-survey interview 
These interviews took place during the week immediately following 
the survey. The data recorded by the subjects were scrutinized to 
ensure that all the requisite information had been included. Where 
discrepancies occurred subjects were questioned and the records 
completed accordingly. All the items that had been necessary for the 
survey were collected. Subjects were thanked for taking part and 
told that they would eventually be informed of the findings. 
(v) Post-survey-screening 
Twelve subjects were eliminated at this stage. The very low 
number of markers that appeared in stools collected by three subjects 
suggested that the stool collections were incomplete. Thread worms 
were observed in the stools of four subjects and data recorded 
on the pills, potions and tablets sheets revealed that Pripsen, a 
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preparation containing senna, had also been taken by them. Towards 
the end of the study period the stools produced by one subject increa- 
sed markedly in weight and there was a considerable difference in 
faecal form. The stools were unrecognisable as such, in that they 
appeared in the form of a watery brown liquid. Gastro-enteritis was 
suspected, and this was later confirmed as being the case. Examina- 
tion of the dietary records of two subjects showed that excessive 
quantities of alcohol had been consumed. The energy intake from 
alcoholic drinks was 60 percent for one of them and 26 percent for 
the other. Pregnancy, which was later confirmed, was suspected in 
one subject when the menstruation chart was examined. One subject 
was diagnosed by her G. P. to have hepatitis during the survey period. 
At this stage fifty-eight subjects remained. 
(vi) Matching subjects. 
As with the total study population, omnivores, vegetarians and 
vegans were identified. The length of time that volunteers had 
adhered to the various diets is summarised below. 
TABLE 10 
Duration of diet of subjects in the survey of diet and bowel function. 
Diet Percentage of life 
Omnivorous Vegetarian Vegan 
Omnivorous 100 
Vegetarian 69 31 '. 1 
Vegan 73 12 15 
Account was taken of the time of the year in which subjects 
participated in the survey. This is summarised in the table below. 
TABLE ii 
Participation of subjects and time of year in the survey of diet and 
bowel function. 
Diet Quarter of year 
Ist 3rd 
Omnivorous 89 
Vegetarian 98 
Vegan 10 7 
In view of the small number of subjects it was necessary to apply 
a much broader classification of age than had been used hitherto. Three 
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recognised groups corresponding to phases in the life cycle 
(1) rapid growth (2) active years (3) declining years were used. 
The ages ranged from 5-71 years although the majority of subjects 
were in Phase 2 of the life cycle. 
The number of females was higher than that of males. The former 
constituted 58.8 percent and the latter 41.2 percent of the sample. 
This imbalance of the sexes was in line with that of the total study 
population. 
The social class distribution was similar to that of subjects in 
the retrospective study. The highest number of subjects was in 
social class 2, followed by 3 and then 1. There was no representa- 
tion of social classes 4 and 5. 
The total number of subjects matched in this way was fifty-one. 
Hill details are given in Appendices 9,10 and 11 of omnivores, 
vegetarians and vegans respectively. 
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SECTION II 
DIETARY SURVEY 
1. CHOICE OF METHOD 
It is very difficult to make an accurate measurement of what 
people normally eat (Garrow, 19780. In fact, there is probably no 
generally accepted method of measuring the dietary intake of free- 
living individuals (Marr, 1971) and Thomson (1958) doubted whether 
a satisfactory field technique for large scale use would ever be devised. 
However, despite this pessimism it was encouraging to learn that one 
method was highly praised. Bingham and Cummings (1980) were of the 
opinion that the best method for measuring food intake in individuals 
relies on careful weighing and recording of all food and drink taken. 
This view was compatible with Widdowson's (1947) conclusion that food 
intakes can be measured with fair accuracy as long as the food consumed 
is weighed. In the light of this, weighing methods only were considered 
for use in the present investigation. 
The method of precise weighing is unsuitable when respondents have 
meals away from home, close supervision of subjects is required and a 
high degree of subject co-operation essential (Marr, 1971). Moreover, 
Pekkarinen (1964) suggested that the demands on the subject would be 
likely to deter volunteers. Thus, this method was not suitable for use 
in the study planned. In view of the fact that these criticisms were 
not applicable to the weighed inventory method, this technique, was 
examined closely to determine its potential for use in the present study. 
The measurement of food intake by weighing can only be carried out 
efficiently where the subjects are literate, can use the scales and are 
fully co-operative (Weiner and Lourie, 1969). Thus it can be argued that 
the weighed inventory method is only suitable for intelligent and 
co-operative subjects and that selection of subjects may introduce 
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significant bias (Garrow, 1978b). The importance of subject 
co-operation with regard to the assessment of dietary intakes of 
defined groups was emphasised by Marr (1965). It is essential that 
co-operation be obtained from as high a proportion as possible so that 
the information is representative of that group. To overcome this 
problem Weiner and Lourie (1969) suggested that observers might carry 
out the individual weighing and recording operations. Such a solution 
would not have been practical in the study planned. Moreover, it is 
perhaps significant to note that during her classic studies on the diets 
of school children, where accuracy of the record depended upon the parent 
or child making it, Widdowson (1947) found that over-conscientiousness 
was more frequent than carelessness and very little difficulty was 
experienced because of lack of intelligence. 
Ideally, the weighed inventory method should be carried out under 
supervision to ensure accuracy of measurement and record (Gear, 1978). 
In cases in which the recording is done by subjects the data are 
frequently open to question (McHenry et al., 1945). The organisation 
of such supervision would have been impossible in the present study. 
However, accuracy must be balanced against practical considerations and 
a method chosen that will provide maximal accuracy within the bounds of 
the investigator's resources and other practical limitations (Abramson, 
1979). It was interesting to note that when faced with the same problem 
Widdowson (1947) solved it by adopting the method of unsupervised 
weighing. 
Widdowson (1947) questioned how far the type and amount of food 
eaten might be influenced by the mere fact of having to weigh it. She 
suggested that particular foods might be chosen because they are easy 
to weigh. Second helpings could possibly be refused because of weighing 
and the customary extras between meals might be avoided because of the 
trouble of finding the balance, the form and the pencil. McHenry and 
co-workers (1945) pointed out that there may be considerable difference 
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between food consumption for a short period and sustained eating habits 
because of the scrutiny involved in the survey. Thus, if this method 
was to be used all of these points would need to be considered in the 
method design. 
The International Biological Programme (Weiner and Lourie, 1969) 
recommended that scales for weighing the food should be easy to carry 
and sufficiently sturdy to withstand hard use; a light-weight type of 
spring scale with a platform top on which articles of any shape might 
be placed weighing up to 500 grams by 2 grams was quoted as being the 
most practical. However, this particular instrument was no longer 
available (Salter Distributor, personal communication). Thus, if this 
method was to be used scales would need to be examined with a view to 
finding one that was in line with the International Biological 
Programme's recommendations. 
The chemical analysis of aliquot portions would have put a great 
deal of unnecessary burden on the subject, been a stupendous task for 
the investigator and a costly undertaking. However praiseworthy'such 
a venture might have been in terms of accuracy it seemed that Abramson's 
(1979) argument was relevant once more. Thus, in order to determine the 
nutritive value of the food and drink consumed consideration was given 
to the use of food tables. 
It was decided at the outset that figures for dietary fibre (p. 5) 
would be based on U. K. tables of food composition (Paul and Southgate, 
1978), possibly with supplementation of additional figures by courtesy 
of Sheila Bingham. 
Reliability of results obtained by calculation of nutritive value 
from tables of food composition depends to a great extent on the 
completeness of the description of the kind of food eaten (Whiting and 
Leverton, 1960). It seemed that Widdowson's (1947) practice of 
scrutinising records as soon as possible after they had been received 
was a good one. Any queries concerning descriptions of food and drink 
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could be answered while the details were fresh in the co-operator's 
memory. 
Whiting and Leverton (1960) emphasised the need for the 
investigator to have familiarity with the food and recipes used by 
cultural groups under study. This raised two important points. 
Firstly, the problem of coding because accuracy depends to a certain 
extent on the appropriateness of the items in the tables (Paul and 
Southgate, 1978). During their assessment of the dietary fibre intakes 
of Africans, Bingham and Cummings (1980) found that very few of the 
staple African foods had been analysed for fibre. These researchers 
used the closest approximate figures from existing food tables. It 
seemed likely that the same problem would have to be faced in the study 
planned as some of the foods customarily eaten by vegetarians and vegans 
had not been analysed for dietary fibre. The second area of concern was 
that of recipe analysis. Not all composite dishes that were likely to 
be consumed by the minority groups who were to be observed were listed 
in existing food tables. The composition of cooked dishes in McCance 
and Widdowson's The Composition of Foods (Paul and Southgate, 1978) was 
calculated from the recipes, composition of ingredients and the change 
in weight on cooking. Dishes were prepared on at least two occasions 
and the average taken. Thus consideration would have to be given not 
only to obtaining recipes but also to making them up to take account of 
losses in preparation. The possible error involved because of neglecting 
to take account of such losses was stressed by McHenry et al. (1945). 
The use of food tables in the study planned would inevitably lead 
to a large-number of calculations. Davidson et al. (1979b) drew 
attention to the value of computer analysis of dietary survey data with 
respect to this problem. It seemed that their idea was realistic even 
though it was likely that some of the foods eaten would have to be 
analysed separately. 
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There appeared to be general agreement in the literature about 
the 
duration of dietary surveys. This was in line with the recommendations 
of the international Biological Programme 
(Weiner and Lourie, 1969) that 
a seven day period of observation should be aimed for. This would take 
account of the likely alterations in dietary habits at weekends 
(Thomson, 1958). Moreover, to prolong a survey for more than one week 
is irksome (Davidson et al., 1979c). 
In order to determine when the survey might take place two factors 
were of concern: namely, holiday weighing and seasonal variation. When 
assessing the dietary intakes of school children, Widdowson 
(1947) 
discouraged holiday weighing. This was on the basis that customary 
diets were the object of the investigation. Indeed, the aim of the 
survey planned was to assess the 'normal' or 'usual' dietary intake. 
To what extent bias is introduced by selecting holiday weeks is diffi- 
cult to ascertain (harr, 1971). Bingham and Cummings (1980) drew 
attention to the fact that fibre intakes in the U. K. are lower in the 
second quarter and highest in the fourth. All of this had organisa- 
tional implications for the study design. 
2. MEASUREMENT OF DIETARY INTAKE 
(i) Period of observation 
Food intakes were measured during the first and third quarters of 
the year, thus avoiding the times of the year when fibre intakes were 
reported to be higher and lower than usual. Omnivores, vegetarians and 
vegans were observed at the same time, for it was essential that no 
discrepancy in food intake should arise because of seasonal variations 
in eating habits. Avoidance of holiday weighing was not so easy to 
organise as subjects occasionally took days off work and one mother of 
two would only co-operate during the school holiday period. All food 
and drink taken between 00.01 hours on day 1 and midnight on day 7 was 
measured. 
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(ii) Dietary survey field kit 
Each subject was provided with a portable 'dietary survey field kit' 
for the measurement of food intake. Thus, the risk of subjects failing 
to record food intakes because of not being able to find the necessary 
equipment to carry out the weighing and recording operations was 
reduced. This was particularly important when subjects were likely to 
eat foods away from home. The kit was made up as follows: - 
(a) A light-weight spring scale with a platform top weighing up to 
1 kg. by 5 g. (Salter). 
(b) A zipped plastic wallet labelled 'Diet .+ Record Folder' which 
contained 14 food re9ord sheets (Appendix 12); 7'inbetween meals 
sheets (Appendix 13); instructions (Appendix 14); a pills, potions 
and tablets sheet and 3 vials containing radio-opaque markers (p. 80). 
(c) A strong canvas bag with an adjustable handle and a rigid base. 
Thus, the bag was convenient for carriage and sturdy with there being 
minimal risk of damage to the scales. The capacity of the bag was 
large enough to accommodate the scales and folder. 
(iii) Weighing and recording of food and drink consumed 
The subject number, day of the survey and date, were recorded each 
time a new record sheet was used. The time of food consumption was 
recorded when the food was eaten. Food intake was measured by the process 
of cumulative weighing. Care was taken to ensure that the scale was set 
at zero. The serving vessel was placed on the platform top and a record 
made of the item in the 'items' column and the weight in the 'served' 
column. Foods were then added one at a time and between each addition a 
record was made of the description and the readings on the dial of the 
scale in the appropriate columns. To determine wastage, if more than one 
type of food was left a fresh serving vessel was taken and the weighing 
procedure repeated, as described. When only one kind of food remained the 
serving vessel and the contents were weighed. In the event of spillage, 
either an estimate of the percentage lost was made or the food was scooped 
up and re-weighed. Descriptions were given in the 'items' section and 
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either the cumulative weights or estimated loss were recorded in the 
'left' or 'spillage' columns as necessary. As subjects were not 
involved in calculating the individual weights of food consumed, this 
procedure was quickly carried out and a high degree of intelligence was 
not required. 
When the subject had finished eating, brand names of foods, recipe 
references or actual descriptions were recorded in the recipe section. 
The extent to which this was undertaken depended upon the dietary habits 
of the individual. This point was ascertained with each subject before 
the survey began. If the recipes used were not compatible with those 
described in"McCance and Widdowson's fihe Composition of Foods", full 
details were essential. 
The'inbetweeif meals sheets were included as an additional safeguard 
against subjects failing to record foods taken between meals. A descrip- 
tion of the food and either the weight or number of the foods consumed 
were recorded in the relevant sections. 
Immediately after the survey the dietary records were scrutinised. 
Thus, any queries arising from them were dealt with straight away. 
(iv) To calculate the quantity of food consumed 
The quantities of foods consumed were calculated from the figures 
recorded on the food record sheets. To determine the weights of foods 
listed on the Ynbetween'meals sheets, foods were either compared with 
those on the food record sheets or the same type of food was purchased 
and weighed or a note was made of the weight as recorded on packaging 
labels. 
Recipes were examined to see how they differed from those described 
in the selected tables of food composition (Paul and Southgate, 1978; 
Bingham, personal communication). !, then the ingredients used were not in 
line with the reference tables, dishes were made up on three separate 
occasions to determine preparation losses. A balance weighing up to 
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2 kg. by 1 g. was used for this purpose and tables (Appendix 15) were 
used for the compilation of the data. 
(v) Coding of foods for computer analysis 
The description and weight of all food and drink consumed was 
tabulated according to the date and time of consumption for each subject 
(Appendix 16). Foods which matched those on the computer programme were 
coded on to computer tables in accordance with . the Dunn Clinical 
Nutrition Centre's specifications (Bingham, personal communication). 
For ease in coding a 'look-up-file' incorporating foods and codes from 
McCance and Widdowson's The Composition of Foods (Paul and Southgate, 
1978) and the Dunn 1000 Code Series (Bingham, personal communication) 
was used. 
(vi) Analysis of foods 
Food intakes were analysed to determine dietary fibre, energy, 
nutrients and water. Further calculations were done on foods which did 
not match those on the computer programme. These figures, with the 
exception of dietary fibre, were obtained from Platt's (1962) tables and 
nutrient analysis sheets produced by food manufacturers (Granose; Plamil). 
Additional figures for dietary fibre were derived from Paul and Southgate 
(1978) and the Dunn 1000 Code Series (Bingham, personal communication). 
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SECTION III 
STOOL COLLECTION 
1. METHOD DESIGN 
(i) Aims 
"The method adopted for the collection of the faeces for 
examination will depend upon the purpose for which the 
investigation is intended" (Cammidge, 1914). ` 
The purpose of this investigation was to measure parameters 
of bowel function in Tree-living subjects. The nature of the informa- 
tion required and its source determined the choice of method. 
Four factors were of primary concern in the formulation of 
objectives: - 
(a) The method of collection should allow for accuracy in the assessment 
of frequency of defaecation, wet weight of faeces, stool rheology, 
form of faeces and transit time. 
(b) Consideration for the investigators bearing in mind that the 
handling of faeces is an unpleasant task (Ghoos and Vantrappen, 
1977). 
(c) Subject acceptability, the importance of which cannot be over- 
estimated in a study of this kind. Subject co-operation is of 
the utmost importance if accurate results are to be obtained 
(Jelliffe, 1966). 
(d) Viability of the method within economic constraints. 
(ii) Objectives 
It was necessary therefore, that the method used for the collection 
of faeces allowed for: - 
(1) Complete stool collection with no loss of faeces whatsoever, 
(2) faeces to be free from contamination with urine and menstrual flow, 
(3) separation of stools from one bowel action to the next, 
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(4) stools to remain intact with minimal structural disruption, 
(5) samples to retain their water content, 
(6) a labelling system as a means of determining by whom and when 
the motion was passed, 
(7) the weight of individual specimens to be obtained, 
(8) rheology measurements to be made by means of a penetrometer, 
(9) an X-ray of each specimen to be taken, 
(10) handling of faeces to be indirect throughout the investigative 
procedure, 
(it) minimal odour throughout the collection period, 
(12) storage of samples in subjects' homes, 
(13) a means of carriage for faecal collection materials to and from 
places of occupation and recreation, 
(14) house to house collection of faeces, 
(15) economy in the use of materials. 
(iii) Review of methods with reference to the objectives of the stool 
collection -Drocedure. 
These objectives formed the basis from which existing methods were 
critically examined. The number of procedures available for scrutiny 
was low for it appeared that such techniques had received relatively 
little attention (Hoffman et al., 1973)" Moreover, some of the methods 
were limited to hospital usage. For example the 'efficient stool 
collector' described by Bernstein (1956) which consisted of a steel 
bedpan with a cannister attached and fitted Into; a bucket holding dry 
ice would have been totally impractical for free-living individuals. 
Only those methods that were designed for use by hospital outpatients 
(Hinton et al., 1969; Pryke endWhyte, 1970; Hoffman et al., 1973; Van Wijk 
and Wieriks, 1977; McLean Baird et al., 1978) and free living subjects 
(Glober et al., 1974; Eastwood, personal communication; Gear, 1978; 
Wyman, personal communication) were considered for use in the present 
study. 
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Loss of faeces during defaecation was prevented by positioning 
collection bags in line with the anus. This was achieved by a variety of 
techniques. However, the full coverage of the toilet aperture by the 
collection bag as described by Van Wijk and Wieriks (1977) was not 
conducive to the separation of excretory function. The central 
positioning of bags likely in Hinton et aLJs 
(1969) method would have 
demanded that subjects sat forward on the lavatory seat. Separation of 
excretory function would have been accommodated but the abnormal sitting 
position incurred might possibly have caused discomfort. The placement 
of collection bags towards the rear half of the toilet aperture as 
described by Pryke and Whyte (19701 Hoffman et al. (1973), Glober et al. 
(1974), Eastwood (personal communication), Gear (1978), McLean Baird et al. 
(1978) and Wyman (personal communication) was considered to be favourable 
with regard to a comfortable sitting position. 
Faecal losses immediately after defaecation were unlikely in any 
of the methods. This was likely to be prevented by the means of attach- 
ment of primary collection bags to the lavatory seat. The weight of the 
subject resting on the bag followed by quick recovery by the hands upon 
standing, as described by Van Wijk and Wieriks (1977) and McLean Baird 
et al. (1978) was considered to be unsuitable because of the pressure 
put on the subject for stool recovery. McLean Baird et al. (1978) 
suggested that adhesive tape might be used for a more secure method of 
attachment. This was not favoured in the present study because it 
demanded that subjects unrolled, cut and fixed the tape on to the seat 
and bag. In addition to this, it was considered to be impractical on the 
basis that each subject would need to be provided with a roll of adhesive 
tape and a pair of scissors. The methods used by Hinton et al. (1969) 
Pryke and Whyte (1970) and Glober et al. (1974) involved the use of 
metal frames. Not only did this require precision in fitting, but had 
this method been used in the study planned, the stool collection kit would 
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have been heavier. The collection bags used by Hoffman et al. (1973) 
Eastwood (personal communication) Gear (1978) and Wyman (personal 
communication) had flaps. to the outer surface of which double sided 
adhesive tape was attached. This would have provided a secure method 
of attachment and put little demand on the subject other than for the 
removal of the protective backing. However, if this technique was to 
be used, care in the selection of the tape would have been necessary. 
Wyman (personal communication) pointed out that some of the 
backings can be difficult to remove. 
Objective 2 
It is most important that the faeces should be obtained free from 
urine (Cammidge, 1914). All the methods permitted the separation of 
excretory function. The procedure described by Van Wijk and Wieriks 
(1977) relied upon subjects to urinate and defaecate separately 
(Objective 1). All the other methods allowed for the separation of 
excretions passed at the same time. Urinogenital excretions were passed 
into the front part of the toilet aperture and the faeces into the bag 
that was either positioned centrally or towards the rear of the toilet. 
However, it should be noted that female subjects would need to exercise 
caution with regard to the separation of excretions, owing to the close 
proximity of the anatomical openings. In fact, Pryke and Whyte (1970) 
went so far as to say that females should be instructed to void urine 
before putting the collector into place. Cammidge (1914) suggested 
that all adults should micturate before the specimen is collected. 
Objective 3 
The separation of stools was allowed for by all of the methods. 
This was facilitated by the use of one primary collection bag for every 
motion passed. The mixing of samples would have been prevented by the 
methods of closure that were applied to the used bags. Thus, elastic bald 
(Hinton et al., 1969; Pryke and Whyte, 1970; Eastwood, personal communication; 
McLean Baird et al., 1978), wire twist (Gear, 1978; Wyman, personal 
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communication), twist tie 
(Hoffman et al., 1973), plastic umbilical 
cord clamp (Glober et al., 1974), rolling up of 
bag (Van Wijk and 
Wieriks, 1977) were all used by the various investigators. The wire 
twist method of closure would have needed caution during radiography 
as metal readily shows up on an X-ray. 
(Objective 9). A further 
safeguard against mixing specimens was provided by the use of secondary 
containers into which individual primary collection bags were placed. 
These included a laminated plastic bag with clamp seal (Wyman, personal 
communication), plastic bag with wire tie 
(Gear, 1978), plastic zip loc 
bag (Hoffman et al., 1973), tin (Pryke and Whyte, 1970), air tight tin 
(Hinton et al., 1969), air tight screw top container (McLean Baird et al., 
1978), plastic air tight box (Eastwood, personal communication) and 
freezer box (Glober et al., 1974). From the description of some of the 
containers it seemed likely that the structural integrity of stools 
would have been at risk (Objective 4). 
Objective 4. 
No special precautions were taken in any of the methods described 
to maintain stool structure. Moreoven a number of procedures were clearly 
detrimental in this respect. The rolling up of primary collection bags 
into sausage shapes (Van Wijk and Wieriks, 1977) and the use of secondary 
containers (Objective 3) as used by Hoffman et al. (1973) and Wyman 
(personal communication) would have exerted a flattening effect. Other 
secondary containers (Objective 3) such as those used by Hinton et al. 
(1969) Pryke and Whyte (1970) Glober et al. (1974) McLean Baird et al. 
(1978) and Eastwood (personal communication) might possibly have disrupted 
the stool structure because of space restriction. When specimens were 
protected by non-rigid materials tertiary containers as used by some 
authors increased the likelihood of still further disruption as for 
example methods described in Objective 12 (Hoffman et al., 1973; Wyman, 
personal communication). 
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Objective 5. 
Retention of moisture content was ensured in all of the methods by 
the use of waterproof materials in the construction of primary collection 
bags; plastics of various types were used. Moreover, the secure methods 
of closure that were applied to the filled bags plus the use of secon- 
dary containers (Objective 3) were likely to prevent the drying out of 
specimens. 
Eastwood (personal communication) pointed out that loss of moisture 
is safeguarded by these methods for approximately two days. Thus, the 
daily recovery of stools from subjects' homes as described by him was 
favourable in this respect. Methods which involved five day collections 
as described by Glober et al. (1974) and Wyman(personal communication) 
were clearly undesirable. The other authors did not refer to the time 
lag between excretion and collection. Therefore the reliability of water 
retention was unknown. 
Objective 6. 
Surprisingly few authors referred to the labelling of specimens. 
Hoffman et al. (1973) and Van Wijk and Wieriks (1977) made no reference 
whatsoever and McLean Baird et al. (1978) and Wyman (personal communica- 
tion) gave diagrammatic reference only. The fact that samples were 
labelled was mentioned in the procedures described by Hinton et al 
(1969) and Pryke and Whyte (1970). The other authors gave details such 
as the name of subject, and the date and time of defaecation. Although 
no reference could be found in any of these methods for the provision of 
a pen or pencil for labelling. Labels were positioned on primary collec- 
tion bags (Hinton et al., 1969; Pryke and Whyte, 1970) on secondary 
containers (Glober et al., 1974; McLean Baird et al., 1978; Eastwood, 
personal communication; Wyman, personal communication) or on both 
(Gear, 1978). It seemed likely that the rigid surfaces provided by 
most of the secondary containers (Objective 3) would have been more 
convenient for writing on, as opposed to the soft surface that was 
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characteristic of the primary collection bags. Moreover, the latter 
technique might possibly have been harmful to the stool structure as 
a result of pressure being exerted on the bag and the contents therein. 
Objective 7. 
Faecal weights were readily obtainable due to the collection of 
whole stools (Objective 1), separation of excretions 
(Objective 2) and 
the non-mixing of specimens (Objective 3). However. only two authors 
Eastwood (personal communication) and Wyman (personal communication) 
described the procedure used by them. These investigators pointed out 
that if the weight of the empty collection bag was known, this could be 
subtracted from the weight of the filled bag. Indeed, such a technique 
was feasible in all of the methods described. Furthermore, this procedure 
was in line with Objective 10. 
Objective 8. 
Penetrometer measurements were taken when Hinton et al. 's (1969) 
method for stool collection was used by Exton-Smith and his colleagues 
(1974). Thus, it seemed that the primary collection bag had a wide enough 
opening to accommodate the taking of readings. It was likely that all of 
the methods were suitable with respect to this. The only foreseeable 
problem was possibly that of bag bulk which could have presented difficul- 
ties when the penetrometer was used. Reducing the size of primary 
collection bags, by cutting below the twist tie (Hoffman et al., 1973) 
might possibly have been one solution to this problem. 
Objective 9. 
Reference to stool radiography was made by Hinton et al. (1969). 
Glober et al. (1974), Eastwood (personal communication), Gear (1978), 
McLean Baird et al. (1978) and Wyman (personal communication). However, 
it seemed that all the methods used would have been suitable for radio- 
graphy. Although, the use of wire twists for the closure of primary 
collection bags was inconvenient for radiography as this required either 
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their removal or careful positioning as a precaution against masking 
markers in stools. It was interesting to note that this was not mentioned 
in two method descriptions (Gear, 1978; Wyman, personal communication). 
Although, the latter investigator did draw attention to the positioning of 
T 
the clamps (Objective 3) towards the periphery of the X-ray films. 
The problem of odour was an important consideration in the radio- 
graphic procedure. In the interests of hospital staff, patients and 
visitors, smell could not be allowed. Hinton et al. (1969) suggested that 
the problem of smell could be avoided for transport to the Radiographic 
Department, by enclosing the primary collection bag in a second polythene 
bag. Wyman (personal communication) commented that freezing the samples 
reduces the problem of odour. 
Objective 10. 
It seemed that the indirect handling of faeces throughout the investi- 
gative procedure would have been, possible in all of the methods described. 
Objective 11. 
The use of secondary containers as described (Objective 3) for the 
storage of individual specimens would have ensured minimal odour during the 
collection period. Thus eight of the techniques would have scored highly 
on this. Indeed, McLean Baird et al. (1978) emphasised that patients 
appreciate not having to re-open a used container. The method described 
by Van Wijk and Wieriks (1977) was possibly risky in respect of this 
objective, although the authors claimed that the packaged sample was 
odourless. 
Objective 12. 
Failure to describe storage of samples in subjects' homes was character- 
istic of more than half of the methods used by the various authors. Glober 
et al. (1974) described the use of an air-tight attache case; a paint can 
or plastic pail was used by Hoffman et al. (1973), and a cassette case from 
which the racks had been removed was the container chosen by Wyman (personal 
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TABLE 12 
Evaluation of techniques used for stool collection in relation 
to the method objectives in the present study. 
Method source Objectives 
1 2 34 56 7 8 9 10 11 12 13 14 15 
Hinton at al.           
(1969) 
Pryke and I V/ V/        to (1970) 
Hoffman at al. ,/ 
         
(1973) 
Glober at al.          ,ý 
 
(1974) 
Van Wijk and ,ý 
        
Wieriks (1977) 
Eastwood " 
       i   
(personal 
communication) 
Gear (1978)       ,/ 
 
,/ ,% ,/ 
McLean Baird         /  
at al. (1978) 
Wyman          /  
(personal 
communication) 
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communication). Of some concern was the fact that the methods described 
by Glober et al. (1974) and Wyman (personal communication) demanded that 
subjects carried the unused materials and stored samples around daily. 
The method of storage and carriage was 'all-in-one'. 
Objective 13. 
A means of carriage for the collection of materials to and from 
subjects' homes was allowed for by two of the methods only (Glober et 
al., 1974; Wyman, personal communication) as described in Objective 12. 
It seemed that both these methods were unobtrusive, but the weight of the 
containers would have been undesirable in the study planned. 
Objective 14. 
Reference to house collection was made by Eastwood (personal communi- 
cation) and Gear (1978). The importance of house collections should not 
be underestimated, especially when subjects are spread over a wide 
catchment area. In such circumstances it is unrealistic to expect 
subjects to return specimens. The return of samples by mail, as described 
by Hoffman et al. (1973) is no solution when the retention of stool 
structure is necessary. 
Objective 15. 
Economy was achieved in one method (Van Wijk and Wieriks, 1977) by 
virtue of the scanty provision of materials. Other techniques allowed 
for the re-usability of specific items, such as metal frames (Objective 
1) and secondary and tertiary containers (Objectives 3 and 12). 
Although most of the stool collection procedures were favourable with 
regard to the present study (with the exception of Objective 4), not one 
of them was wholly suitable: this is summarised in Table 12. Moreover, 
the manner in which some of the objectives were likely to have been met 
left much to be desired. In the light of this review it seemed that a 
new method was necessary for this study. 
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2. STOOL COLLECTION PROCEDURE. 
(i) Period of observation. 
Subjects collected all faeces passed between 00.01 hours on day 1 
and midnight on day 7. The collection period was extended if necessary(p67) 
Cammidge (1914) pointed out that no reliable conclusion can be drawn 
from the examination of a single stool; that an average should be struck 
and the longer the period of observation the more accurate the conclusion. 
Wyman and his colleagues (1978) commented upon the extraordinary 
variation in the size of individual stools and emphasised the need for 
several days collection for meaningful results. A period of 7 days was 
chosen as the minimum time for which stools should be collected. This 
was compatible with the accepted duration of dietary surveys. Thus, it 
was convenient to organise the stool collection at the same time as 
food intakes were to be measured. 
(ii) Stool collection kit. 
Each subject was provided with a stool collection kit that allowed 
for the daily carriage of the requisite items for collecting faeces. 
This reduced the subjects' failure to collect all faeces. passed because 
of not having the necessary equipment with them: an important 
consideration in the design of a method for 'free-living' subjects. 
The kit comprised the following: - 
(a) 20-40 plastic sealable self-adhesive sling bags (Appendix 17). 
(b) 15-30 plastic air-tight stack-a-boxes with a 2.5 litre capacity. 
The lids carried a label with the words: number, day, date and 
time typed thereon and adequate space for the appropriate details 
to be filled in by the subject (Appendix 18). 
(c) A zipped plastic wallet labelled 'Bowel Habit Folder' containing 
a pen and instructions for collecting faeces (Appendix 19). 
(d) A Fresh Air spray to minimise the problem of odour inherent in the 
collection of stools that are not passed into water. 
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PLATE 1. 
STOOL COLLECTION PROCEDURE. 
-Oqq 
ý" Haversack-type bag. 
_, -"W 
a. Primary collection bag fully opened. b. Duo-tape covering removed. 
c. Primary collection bag fitted to rear of toilet. d. Handle formed and bag sealed. 
e. Secondary container sealed and labelled. 
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(e) 1 large plastic dustbin bag labelled 'specimens'. 
(r) A light-weight haversack-type shoulder bag with a capacity to 
accommodate 2 secondary containers, 3 primary collection bags, the 
folder and air freshner. 
(iii) The collection of faeces by subjects. 
To collect faeces, a primary collection bag was fully opened 
(Plate 1a ). The backing of the double-sided adhesive tape was peeled 
away from the panels and rim (Plate 1b ). The corrugated protective 
covering of the tape being easily removed. The bag was carefully posit- 
ioned towards the rear of the toilet aperture, thus ensuring a comfortable 
sitting position for the subject during defaecation. The panels of the 
bag were pressed firmly over the toilet seat and outer side of the bowl 
(Plate 1c ). This facilitated a secure method of attachment and 
consequently minimised the likelihood of faecal losses during and 
immediately after defaecation. Care was taken to collect faeces only 
in the bag, urinogenital excretions and toilet paper were directed into 
the front part of the bowl, thereby ensuring that specimens were free from 
contamination. Steps were taken to prevent the body of the collection 
bag from being handled once faeces had been collected. This was crucial 
with regard to the maintenance of the stool structure. Immediately after 
defaecation the bag was removed from the toilet by pulling the self- 
adhesive panels away from the sides of the bowl and seat. The inner rims 
of the bag were brought together and sealed by means of the adhesive tape. 
This was a safeguard against the drying out of specimens. The panels 
were overlapped to form a handle (Plate 1d ) by means of which the bag 
was gently lowered into the secondary container. This reduced the chance 
of damage to the stool structure. 
The label on the lid of the secondary container was completed imme- 
diately after defaecation to ensure accuracy of record. This was 
straightforward because key words were typed on to the label to remind 
subjects of what to record. Each subject recorded their survey number; 
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the day, date and time of defaecation. The day number was included as a 
safeguard against subjects possibly not knowing dates. The abbreviations 
'a. m. ' or 'p. m. ' were added by the subject if the 24 hour clock was not 
used. A pen was included in the bowel habit folder so that a means of 
filling in the label was readily available. The sturdy lid of the 
secondary container formed a convenient surface for writing on. The lid 
was put on to the box (Plate 1e ) and care was taken to ensure that it 
was thoroughly sealed. A number of advantages were gained as a result of 
using the secondary containers. The problem of odour was prevented by 
virtue of the air-tight lid. The nature of the specimens was concealed 
by the opaque plastic. Specimens were readily stackable and therefore 
convenient for both carriage and storage. Labelling the secondary 
container and not the primary collection bag was favourable with regard 
to the retention of stool structure. Finally, the secondary container 
protected the specimen from being squashed during carriage and storage. 
However, it was very important that specimens were kept in an upright 
position throughout the whole of the collection procedure. Used containers 
were stored in the vicinity of the toilet until it was time to arrange for 
the house collection. If the subject was away from home at the time of 
defaecation secondary containers were stored temporarily in the haversack- 
type bag (Plate 1f ). 
(iv) Collection of faeces from subjects. 
Stools were collected every other day from subjects' homes. Secondary 
containers were either handed over to the collector directly or they were 
left at a collection point at a specified time in the specimens bag. 
Places selected for the latter included doorsteps and porches, the insides 
of coal bunkers and behind hedges, walls and gates. Care was taken to 
ensure that collection points were readily accessible, in the shade and 
away from refuse disposal areas. A record was kept of each subject's 
address, map reference, telephone number(s) and the place, time and dates 
of collection (Appendix 20). During the collection secondary containers 
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PLATE 2. 
LABORATORY SEQUENCE IN THE ASSESSMENT OF BOWEL FUNCTION. 
µ 
_. ý'ý 
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M 
d. Weighing of sample. 
ý ;. 
a. Secondary containers stacked. b. Details on lid recorded. 
c. Sample removed from secondary container. 
e. Removal of panels from primary collection bag. 
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h. Samples in radiograph tray. 
g. Primary collection bag sealed, folded and flattened. 
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L Stools ready for disposal. 
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were stacked in an upright position inside plastic bin bags. Each 
bag could accommodate twelve specimens. The samples were then 
transported to the laboratory for examination. 
(v) Laboratory sequence 
In the laboratory (Pathology Department Kingston Hospital), 
specimens were stacked according to the date and time of defaeca- 
tion. The stackability. of the secondary containers (Plate 2a) was 
useful for storage purposes. Samples were examined in sequence. 
Specimens were examined individually as a precaution against odour 
and the drying out of samples. Tables were drawn up for the 
recording of the data (Appendix 21). A secondary container was 
taken and a record kept of the details on the lid (Plate 2b). To 
determine the wet weight of faeces, the lid of the secondary con- 
tainer was removed and the primary collection bag lifted out of the 
box by means of its handle (Plate 2c). Thus, the body of the bag 
was not handled. This step was taken as a preventive measure 
against damaging the structure of the stool. The primary collec- 
tion bag and its contents were weighed (Plate 2d) and a record kept 
of the total weight (p. 67). The panels of the bag were then cut off 
(Plate 2e), the bag was fully opened and the sides were neatly 
rolled or folded back (Plate 2f) to accommodate both the taking of 
penetrometer measurements (p. 73) and the assessment of faecal form 
(p. 77). The bag was then re-sealed, folded, flattened and labelled 
(Plate 2g) using the label that was fixed to the lid of the 
secondary container. The self-adhesive labels were easily peeled 
off the lid and adhered to the primary collection bags. This 
measure was taken with economy in mind. Specimens were arranged 
in trays for radiography (Plate 2h). The compact nature of the 
faecal packages was favourable with regard to this (p. 81). 
Immediately after the X-ray procedure had been completed stools 
were disposed of by incineration. The sealed bags were put into 
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large plastic dustbin bags. The bags were closed securely by 
means of elastic thread (Plate 21) and then transported to 
Kingston Hospital or Epsom District Hospital incinerators 
where the burning of specimens was supervised. The secondary 
containers were washed and the lids re-labelled in readiness 
for further use. 
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SECTION IV 
MEASUREMENT OF BOWEL FUNCTION 
INTRODUCTION 
For the measurement of frequency of defaecation, stool wet 
weight, rheology and form, ' all motions passed between 00.01 hours 
on day 1 and midnight on day 7 were examined. In the case of mean 
transit time the period of observation was between marker ingestion 
on day 1 and various times on days 4 to 10 depending upon marker 
recovery in stools. Mean values are based on the formulae f x/n and/or 
ý fx/n and the xn and f values have been given where appropriate. 
1. FREQUENCY OF DEFAECATION 
The recorded dates and times of defaecation (p. 61) provided the 
necessary information for the assessment of stool frequency. Mean 
stool frequency per 24 hours was calculated where 
x= number of motions passed 
n- number of days (7). 
2. WET WEIGHT OF FAECES 
A hook-type spring balance (Plate 2d) with the capacity to weigh 
up to 500 grams was used. This was in line with recommendations made 
by Godding (1980). To determine the wet weight of faeces, the weight 
of the primary collection bag was deducted from the total weight of 
the bag and faeces. The mean daily wet weight of faeces was 
calculated where 
x= wet weight of faeces (g) 
n= number of days (7). 
3. STOOL CONSISTENCY 
(i) Choice of method 
The measurement of stool consistency has received relatively 
little attention because of methodological difficulties (Royal 
College of Physicians, 1980). Burkitt has described the bulky 
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stools of rural Africans as soft, and formed stools of U. K. 
subjects as hard (Burkitt, Teaching Aid Institute of Child Health 
London). The problem with this approach is that is is subjective. 
Moreover, it depends upon the appearance of the outside of the 
stool (Exton-Smith et al., 1974). Many materials have monomolecular 
surface films, thus the rheology at the surface of a material may 
be very different from that of its bulk (Muller, 1973). The method 
described by Exton-Smith et al. (1974) was the only objective one 
that could be found in the literature. This involved the descent of 
a cone of constant weight in a given time into the sample. Results 
were expressed in terms of millimetres, grams and seconds. Thus, 
Exton-Smith and his colleagues were possibly the first investigators 
to measure stool rheology, that is, to take a physical approach to 
mechanical behaviour (Muller, 1973). It may be that these resear- 
chers might have done themselves an injustice by referring to 
'consistency', as this term is frequently used when subjective or 
rough objective measurements are made. In fact, consistency is a 
practical, though inexact, equivalent of the word rheology (Griswold, 
1962a"). A disadvantage of such empirical methods is that the 
results are specific to a particular instrument. However, these 
techniques may provide very useful information even if the results 
cannot be compared for different methods (Muller, 1973). Indeed, 
Exton-Smith and his colleagues found that the use of a penetrometer 
provided useful quantitative information in laxative trials and 
claimed the method to be both reliable and simple. 
Codding (1976) was of the opinion that a less complex technique 
than the one described by Exton-Smith et al. would be more desirable 
for use in field studies. It seemed that this criticism was 
misleading. for it contradicted the original claim made by the 
authors of the method that the technique was simple, and the 
further substantiation that the method of operation of a 
penetrometer was relatively simple (Paul and Palmer, 1972). 
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During this stage of uncertainty it was interesting to learn that 
Burkitt (personal communication) was well on the way to designing a 
new technique that was based on the penetrometer principle but was more 
simple to operate. However, the method had not been validated and it 
appeared to have one major limitation with regard to accuracy; namely 
the angle of penetration. The idea was that a cone of known weight, the 
same as that used by Exton-Smith et al. was lowered onto the surface of 
the specimen and penetration into the sample measured by means of mark- 
ings on the body of the cone. The angle of penetration at 200 (Burkitt, 
1978) relied upon a 'steady hand'. In view of the fact that the cone 
angle is crucial to the reading (Muller, 1973), the accuracy of this 
technique was likely to be at risk. It seemed that the simplicity of 
this procedure was possibly at the expense of accuracy. 
In the light-of the foregoing, the method described by Exton-Smith 
et al. was examined to determine its suitability for use in the present 
study. These investigators demonstrated that if there was more than a 
two day time-lag between passing the motion and taking readings, changes 
in hardness and softness were likely. The fact that Exton-Smith et al. 
examined specimens that were collected from hospital inpatients was 
convenient with respect to this. Thus, if this method was to be used 
on samples collected from 'free-living' subjects, timing of collection 
would be a vital consideration. Moreover, it was likely that the col- 
lection and examination of faeces within the confines of a-hospital was 
favourable with regard to the maintenance of the structural integrity 
of stools. The additional carriage that would be involved in the col- 
lection of stools by 'free-living' subjects was likely to be a problem. 
If stool rheology was to be measured, additional precautions would 
have to be taken to preserve the form of the faeces. 
The importance of temperature control when using the penetrometer 
was emphasised by Stanhope Seta Limited. Exton-Smith and his colleague$ 
were unlikely to have been. faced with this problem as the laxative 
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trial described by them was of four weeks duration. However, in the 
study planned, seasonal changes in temperature would need to be 
considered. 
In the description of their method Exton-Smith and his colleagues 
referred to the length of the stool, thus it seemed likely that the 
specimens examined by them were formed. In this study it was not 
known if faeces would conform to the type seen by Exton-Smith et al. 
This was of particular concern in view of the similarity of vege- 
tarian stools with those of rural Africans (Burkitt et al., 1972). 
The suitability of the method for use with unformed stools was uncer- 
tain. However, the fact that the penetrometer could be adapted for 
measurements on soft foods such as baked custards, jam and apple 
sauce (Griswold, 1962b. ) was encouraging. 
In view of the uncertainty with regard to the form of the faeces, 
stools were obtained from vegetarians. For one whole week, stools 
were collected daily from eleven volunteers at Stanborough Park 
School, Watford. The penetrometer was used on the specimens produced 
by these subjects to determine whether modifications were necessary. 
Some of the stools were unformed and it was immediately apparent that 
the 150 g. weight used by Exton-Smith et al. was much too heavy. When 
the cone was released and allowed to drop into this type of stool it 
completely penetrated the sample. The event was so fast that the 
5 seconds timing was completely out of the question; the depth of the 
stool was the limiting factor to penetration rather than the degree 
of hardness. Furthermore, the tip of the cone punctured the collec- 
tion bag. Damage to the bag was undesirable at this stage, as this would 
have been likely to cause a problem of odour when the samples were 
X-rayed. The same results were obtained with formed stools. This 
finding was surprising, for although the specimens examined by 
Exton-Smith and his colleagues were initially hard, stools softened 
as a result of Senokot therapy. 
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Several more problems specifically associated with unformed 
stools came to light. The taking of measurements along the length 
of the stool as described by Exton-Smith et al. was not possible 
because of the irregular shape, characteristic of this type of 
stool. Moreover, the topography of these samples caused'the cone 
to tilt, thus affecting the angle of penetration. Also, penetration 
into the sample was hindered as the underside of the cone tended to 
lodge on the hilly-like ridges. 
Some of the stools collected consisted of loose pellets rather 
like sheep droppings. Films of mucus on the surface of such specimens 
made accurate positioning of the tip of the cone on the surface of 
these samples difficult. Every time the cone made contact with 
these specimens the pellets moved so that readings were of 
displacement rather than of penetration. 
The size of specimens proved to be an important consideration. 
When stools were small the surface area did not permit the taking 
of the recommended five readings. Moreover, the tip of the cone 
only, without its body, was all that was needed to fully penetrate 
the sample. 
For use in the present study it would have been necessary to 
modify Exton-Smith and colleagues' technique in the following ways: - 
Reduce the weight of the cone and plunger; use a smaller cone; 
develop a technique for taking measurements from unformed stools; 
reduce the number of readings in the case of small stools and accept 
the fact that the method could not be used on pellet-like stools. 
The four week collection period described by these investigators 
would not have been practical in the study planned. Moreover, con- 
sideration would need to be given to seasonal changes in temperature. 
(ii) Stool Theology 
(a) Apparatus. This consisted of a Seta (1700) Universal Penetrometer 
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(Plate 3). The apparatus used by Exton-Smith et al. was the Seta 
1710 Standard Penetrometer. In the present study the Universal model 
was used in preference to the Standard one because it had a fine p +i 
adjustment wheel which allowed for greater precision in the position- 
ing of the tip of the cone on the surface of the sample. The 1800 
ASTM-1P standard cone was substituted by a smaller one, the 1791 
quarter-scale cone. This resulted in the eradication of a number of 
problems - i. e. tilting of the cone and incomplete penetration in the 
case of unformed stools, and penetration with the cone tip as well as 
the taking of measurements of small stools. A light weight plunger 
Seta 1795 was used in conjunction with the small cone, so that the total 
'moving weight' was 9.38 grams. This was considerably less than the 
150 grams weight used by Exton-Smith and his colleagues. Thus, the 
problem of stool-depth as a limiting factor to penetration was over- 
come. Also, the five seconds timing was possible: a stop watch was used 
for this purpose. 
(b) Procedure. Before any measurements were taken, the spirit level 
of the penetrometer was checked and adjusted as necessary by means 
of the levelling screws. 
When the plunger was at the top of its travel, the pointer shaft 
was depressed until it touched the top of the plunger. The shaft was 
held in that position while the dial locking screw was loosened and 
the bezel of the dial turned until the zero/400 division was directly 
under the dial pointer. The dial locking screw was re-tightened and 
the shaft gently released. 
Rheology measurements were taken on all stools, with the excep- 
tion of loose pellets and other small faecal units (Table 13). Stools 
produced by the same number of omnivores, vegetarians and vegans 
within the same quarters of the year were examined as a precaution 
with regard to seasonal changes in temperature. 
The specimen was placed directly underneath the cone. Readings 
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were taken along the length of the stool, or a scatter was taken in 
the case of those stools that were irregular in shape. 
To take a reading, the coarse adjustment wheel was rotated 
until the tip of the cone was just above the surface of the sample. 
The fine adjustment wheel was then rotated until the tip of the cone 
was just touching the surface of the stool. Using the finger grip, 
the thumb was pressed on the manual release button and this was held 
depressed for five seconds. This allowed free fall of the plunger 
assembly with the cone into the sample. At the end of the timed 
period the pressure was removed from the manual release button, 
thus locking the plunger. After the completion of the fall of the 
plunger, the depth of penetration was measured by depressing the 
pointer shaft until it again touched the top of the plunger. A record 
was made of the reading on the dial, and the pointer shaft was then 
gently returned. The cone was immediately cleaned by gently wiping 
its body against the inner sides of the primary collection bag. The 
body and tip of the cone were then cleaned with soft tissue. Care was 
taken not to remove any of the radio-opaque markers. The finger grip 
was again applied to the manual release button, and the plunger 
returned to the top of its travel. From three to five readings were 
taken, depending upon the size of the specimen. 
The mean rheology of individual stools was calculated where 
x= penetrometer readings (0.1 mm) 
n= number of readings taken. 
The mean stool rheology was calculated where 
x= rheology of individual stools (0.1 mm) 
n= number of stools from which penetrometer measurements 
were taken. 
(iii) Form of faeces 
A subjective assessment of faecal form was made. Guidance on the 
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classification of the form of faeces was sparse, and it was 
therefore decided to devise a scheme. Faeces were classified 
and a linear scale drawn up as follows: - 
TABLE 13 
Linear scale of form of faecesa" 
Linear scale Form of faeces 
number 
1 Loose, watery and runny. 
2 Mushy, flattened surface and definite flow. 
3 Mushy, heaped surface. 
4 Collapsed, remnants of original shape visible. 
5 Snake-like, coiled or cylindrical with a smooth 
surface. 
6 Cylindrical with superficial cracks. 
7 Cylindrical with deep cracks. 
8 Fragmented:. segments, pellets like sheep droppings, 
corrugated formations and button-like discs. 
a. iost of the observed faecal forms are shown in Plate 4. 
The mean form of faeces was calculated where 
f= number of times faecal form observed 
x= form of faeces in units according to linear scale (Table 13) 
n= total number of faecal forms observed. 
4. TRANSIT TIME 
(i) Choice of method 
A variety of methods have been used to estimate the time taken 
for food residue to pass through the gut. These have been thoroughly 
reviewed by Cummings and his colleagues (1976). Existing methods 
were heavily criticised by these investigators on three grounds. 
Firstly, none of the methods took account of the apparently expon- 
ential decay that occurs in the recovery of a single dose of mark- 
ers from the gut. Secondly, all were vulnerable to short day to day 
variations in bowel habit, and thirdly, accuracy in relation to 
dietary change was questionable. As a result of this, Cummings and 
his colleagues devised new methods which did not suffer from these 
disadvantages. In the light of this knowledge, these methods only 
were considered for use in this investigation. In the newer 
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methods (Cummings et al. 1976; Cummings and Wiggins, 1976) it was 
possible to measure mean transit time by taking three doses of twenty 
markers, with each dose being distinguishable due to difference in 
shape, at breakfast on three consecutive days. 
Initially, mean transit time, determined by the analysis of a 
single stool (S. S. T. ) described by Cummings and Wiggins (1976) seemed 
to be the most likely method of choice, for it was deemed by its 
authors to be suitable for use on an epidemiological scale. However, 
examination of the method revealed that once transit time exceeds 
four days, accuracy falls. These authors suggested that selection of 
a later stool should prove optimal in constipated subjects. This could 
have presented difficulties in the present study, for it was not known 
if subjects were constipated. In addition to this, Cummings and 
Wiggins justified the collection of the first stool passed on the 
fourth day on the basis that most published data on transit time in 
normal people fall into the range of 1-4 days. Having criticised the 
value of previous methods it was surprising that they should use data 
collected by these methods for their 'normal-range'. Furthermore, it 
was not knownif all subjects would fall within a 'normal-range! as no 
data could be found on transit times in vegans. 
In the early stages of planning, the method described by 
Cummings et al. (1976) for the measurement of mean transit time which 
involved the collection of faeces from five to seven days (M. T. T. -S. 
) 
seemed unlikely to be the method chosen because it was claimed by its 
authors to be unsuitable for use on an epidemiological scale on the 
basis of the long stool collection period. However, this had little 
relevance to the present study as it was necessary to collect stools 
for as long as possible with regard to other indices of bowel func- 
tion. The most foreseeable problem, on the other hand, was 
associated with the radiography of multiple samples of faeces. 
No reference could be found in the literature of the problems 
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associated with the radiography of multiple stool samples. It 
seemed that factors of major concern were accuracy, practicability 
and economy, and objectives were drawn up with these in mind. 
Thus it was important that the method used ensured the following: - 
(a) Separation of specimens with no overlapping whatsoever 
(b) Immediate identification of radiographs and the individual 
specimens on them 
(c) All markers in faeces to be clearly visible on radiographs 
(d) Maximum use of each film 
(e) One exposure only to be taken of each specimen 
(f) Batches of samples to be ready for radiography at any one time 
(g) Inconspicuous transport of faeces to and from the 
Radiographic Department. 
To ascertain how these objectives might be met, radiographic 
techniques used to assess marker excretion in stools described in 
the literature or obtained personally were examined. 
Wyman (personal communication) described the radiography of 
individual five day stool collecti. ons. He: allowe_d one- 14" x 17" film 
per subject, irrespective of the number of samples collected. It 
seemed likely, that the economics of this were questionable. 
Moreover, in the study planned it was not known how many samples 
to expect per subject. The collection period was going to be longer 
than that incurred by Wyman. In addition to this, specimens were 
arranged on top of films at the time of radiography. Such a proce- 
dure was considered to be impractical when dealing with multiple 
samples. Furthermore, whilst allowing for the identification of 
individual specimens on radiographs in terms of sequence for the 
measurement of transit time by the use of opaque numbers, Wyman and 
his colleagues failed to describe a system for the identification of 
radiographs -a factor of considerable importance if confusion in 
the identification of films was to be avoided. 
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The clear visibility of markers in stools was critical to 
accuracy in the measurement of transit time. To achieve this, 
Hinton and his colleagues (1969) described the flattening of speci- 
mens to prevent pellets from obscuring each other. Cummings et al. 
(1976) rotated specimens through 900 between two exposures. The 
former method was preferred on the grounds of economy, requiring 
the use of one film only. 
Hinton et al. (1969) described precautions relating to the 
inconspicuous transport of stools to the Radiographic Department. 
These investigators concealed the nature of specimens by placing 
collection bags and the samples therein in non-transparent paper bags. 
The use of paper bags was considered to be impractical for this 
study, but the idea of using non-see-through packaging materials was 
an attractive one. Thus, care was taken to incorporate this into 
the method. Comments have already been made with regard to the 
problem of odour (p. 56). 
(ii) Mean transit time 
(a) Administration of markers. All subjects were given three small 
glass vials, the lids of which were labelled with different day 
numbers; days 1,2 and 3 respectively. Each vial contained twenty 
markers in the form of radio-opaque barium sulphate impregnated 
polyethylene pellets. These markers were of three clearly distin- 
guishable shapes: those for ingestion on day 1 were circular; those 
for day 2 were rod shaped and those for day 3 were cubes. For 
convenience, the markers were kept in the 'Diet + Record Folder' 
(p. 46). Subjects took the markers orally, immediately before break- 
fast on the appropriate days. To do this, markers were tipped out 
of the vial directly on to the tongue and then swallowed with the aid 
of a drink of water. The time of marker ingestion was recorded on 
the pills, tablets and potions record sheet (Appendix 7). 
(b) Radiography ofmultiple_samples. Stools were radiographed by 
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Dr. Reid at Kingston Hospital. The flattening (Plate 2g) and 
subsequent placement of single specimens in individual containers 
fixed to trays (Plate 2h) were fundamental steps in the radiographic 
procedure. The former prevented markers in stools from obscuring 
each other, and the latter ensured'that samples were kept completely 
separate, with there being no possibility of any overlapping speci- 
mens. Each tray (Appendix 22) could accommodate eight samples and 
care was taken to fill them to maximum capacity, thus, allowing for 
economy in the use of X-ray film. Radiograph tables (Appendix 23) 
which corresponded exactly with the trays were used to record the 
identification numbers of trays and details of the contents, subject 
number and the day, date and time the motion was passed. The 
identification numbers of trays were made of metal and consequently 
readily identifiable on X-rays. Individual specimens were clearly 
definable on radiographs due to the presence of white lineswhich 
were formed by the dense opaque plastic walls of the containers. 
As a result of this, each specimen appeared on the radiograph in a 
neat section. Trays were covered with a sheet of polythene and this 
was secured to the underside of the trays using adhesive tape. This 
was carried out as a precaution against mixing specimens up in the 
event of trays being dropped or tipped over. Trays were then stacked 
for convenient storage in the refrigerator, and carriage to the 
Radiographic Department. The nature of the samples was concealed by 
the opaque plastic of which the trays and individual containers were 
made, and the problem of odour was avoided by sealing the plastic 
primary collection bags. Thus, transport to the Radiographic 
Department was inconspicuous. 
To radiograph faeces, a tray a'as placed directly on top 
of a 14" x 17" cassette. The latter used Fast Tungstate Screens and 
contained a Kodak XRPI film. The specimens and identification number 
were well within the periphery of the cassette. The X-ray tube was 
r 
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positioned at a focus film distance of 100 cms. Exposure factors 
were 55 kV; 100mA; and . 06 secs. The tube had a 1.2 mm focal spot. 
The films were processed using a Kodak M6AL, 90 secs Xomat. Films 
were examined immediately, and if there was the slightest doubt about 
superimposition of markers the specimens were re-arranged and a 
further film obtained. Superimposition was suspected when the 
marker had an unexpected shape or was unduly dense. Radiographs 
were identified and the specimens on them were matched up with the 
sections on the corresponding Tables. The different shaped markers 
were counted in the individual samples. Films were checked at least 
three times. The numbers of markers were recorded. 
Mean transit time was calculated according to Cummings 
(personal communication). Thus transit time (hrs. ) for single doses 
of marker was calculated where 
f= time from marker ingestion to excretion in stools 
(marker hours) 
x= number of markers present in individual stools 
n= total number of markers recovered. 
Mean transit time was calculated where 
x= transit time in hours as determined by a single dose 
of markers 
n= number of times transit time was measured (3). 
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SECTION V 
STATISTICAL ANALYSIS 
The results were coded on to computer sheets, and 
computer programmes designed by Dr. Crowder of the 
Mathematics Department of the University of Surrey were used 
for the analysis of the data. Computer print outs yielding 
means, ranges, standard deviations, chi-square associations, 
correlation coefficients and 't'-values were obtained. A spot 
check of the results on the print outs was undertaken as a 
precaution, and levels of significance were determined. 
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CHAPTER THREE 
HEALTH 
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TABLE 14 thought to be 
The number of disorders 
Ainked 
with low fibre intakes in dietary 
groups 1-10 
Disorder Dietary Group' 
123456789 10 
Constipation 12 492466266 
Hiatus hernia 322 1- 
Appendicitis 22 10 12 6437674 
Irritable bowel 
syndrome 642334111 
Diverticular 
disease 21111 
Cancer of colon 1 
Anal fissure a. 34211212 
Gallstones 411132 
Diabetes 
mellitus 21 
Angina pectoris 421122 
Coronary 
thrombosis 41211 
Haemorrhoids 21 12 12 10 5956 14 7 
Varicose veins 10 497334355 
a. The inclusion of anal fissure and its sequence is questionable. 
Dietary fibre might ameliorate the condition or protect against 
its occurrence; moreover, the disorder masquerades under the 
b 
diagnosis of haemorrhoids (Royal College of Physicians, 1980). 
For details see Table 9. 
TABLE 15 
thought to be 
The number of disorders linked with high fibre intakes in dietary 
groups 1-10 
Disorder Dietary Groups 
123456789 10 
Iron deficiency 
anaemia 13 16 15 11 14 14 12 10 98 
Rickets 1 
Osteomalacia 
Volvulus 
a. For details see Table 9. 
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1. PATTERN OF DISEASE 
Diseases were divided according to whether they were thought 
to be associated with low or high fibre intakes. The distribution 
of disorders diagnosed by medical practitioners, osteopaths, 
naturepaths and homeopaths in the different dietary groups is shown 
in Tables 14 and 15 respectively. Chi-square analysis showed that 
there was no significant association between dietary group and the 
occurrence of any of the disorders. A possible reason for this lack 
of relationship between disease incidence and period of time since 
adopting a vegetarian diet was that the change to a vegetarian or 
vegan diet frequently took place after the disorder had been diagnosed 
(Figure 1). In fact, health was the second most important reason for 
the adoption of one or other of the diets: this is shown in the 
following table. 
TABLE 16 
Reasons given by subjects for the adoption of vegetarian and vegan 
diets in order of merit (No. of subjects) 
Reason 1st 2nd 3rd 4th 5th 6th 
Ethics 409 157 16 6 
Health 93 197 111 22 2 
Ecology 11 87 99 30 1 
Aesthetic 53 50 34 14 4 
Economy 13 13 7 
Family 85 21 
The claims made by different subjects were particularly 
interesting in this respect: some of them are quoted verbatim below. 
(i) Self-image of health in vegetarians and vegans 
Thirty-nine vegetarians and thirteen vegans believed that the 
adoption of their particular diet was responsible for relieving their 
constipation. Some specific comments were: - 
"One of my reasons for becoming a vegetarian was the constipa- tion. I began to realize that constipation was self-induced. " 
-88- 
"The Doctors had admitted constipation, there the subject 
ended, usually with a bottle of liquid paraffin. This 
was the reason why I became a vegetarian and later vegan, 
which led to complete recovery. " 
"Constipation was something that I lived with for many years 
until I took to eating 100 percent wholemeal bread and flour 
products, which was about the time I became vegan. " 
"There has been a marvellous personal bonus in following a 
completely vegetable diet in that constipation which plagued 
me all my life has now completely disappeared. " 
This finding was in agreement with that reported by Brooks 
(1978) and is of interest in the light of the comment in the Royal 
College of Physicians' (1980) report that 
"The beneficial effect of added fibre on the subjective 
symptoms of constipation has not been proved by controlled 
trials". 
However, in spite of the evident importance of a vegetarian diet in 
relieving constipation other factors were mentioned in relation to 
the condition. These included hospitalisation, unpleasant toilet 
facilities, stress, change of climate, being away from home and 
changes in diet; including lack of fruit or green vegetables and 
eating too many eggs. Some subjects referred particularly to the 
relationship of pregnancy to the condition, and others referred to 
the occurrence of constipation in the week preceding the start of a 
period. Conversely, the following were associated with the relief of 
constipation: addition of bran or All. -bran to the diet, exercise 
including yoga, walking and cycling, and marriage. 
Similar claims were made in relation to haemorrhoids and 
- varicose veins. Thus, for the former disorder, eleven vegetarians 
and five vegans, and for the latter, two vegetarians and two vegans 
reported relief of these conditions in comments such as the following: - 
"Gradually disappeared after adoption of vegetarian wholefood 
diet. " 
"Cleared up without attention shortly after I became vegetarian". 
"Lasted for some years; improved slowly after vegetarian diet 
now". 
"Thanks to veggy way of life no recurrence". 
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"Cured when I became vegetarian. " 
"Cleared up since vegan diet. " 
One subject with varicose veins was highly delighted that after 
consuming a vegetarian diet for five years, she found that she no 
longer needed to wear elastic stockings. These findings were again 
in agreement with those of Brooks (1978) and suggest that the 
adoption of either a vegetarian or vegan diet might be used in the 
treatment of constipation, haemorrhoids and varicose veins. However, 
our findings (vide infra) suggest that the maximum benefit in terms 
of prevention, delayed onset or reduced severity is likely to occur 
when the diets were adopted early in life. 
(ii) Disorders in life-long vegetarians versus life-long-omnivores 
(a) Disease incidence 
Life-long vegetarians recorded fewer of the particular diseases 
investigated than did the life-long omnivores: thirty-seven compared 
with one hundred and six respectively (Tables 14 and 15). No cases 
of hiatus hernia, diabetes mellitus or coronary thrombosis were 
recorded by vegetarians, and these subjects also reported fewer cases 
of constipation, appendicitis, irritable bowel syndrome, haemorrhoids 
and varicose veins. There was no difference between the groups in 
the incidence of gallstones and only a marginal difference in the 
incidence of iron deficiency anaemia. Only one case of colon cancer 
was reported, and this was in a life-long vegetarian. Neither group 
reported a diagnosis of volvulus, and this is in keeping with the 
comment by the Royal College of Physicians (1980) on the rarity of 
this condition in Britain. 
It was interesting to note that none of the vegetarians 
reported constipation in association with pregnancy, whereas two of 
the omnivores did so. Conversely, only one of the latter group 
developed iron deficiency anaemia at pregnancy, compared with three 
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TABLE 17 
The decades in which disorders were diagnosed in life-long omnivores 
and life-long vegetarians (No. of subjects) 
Disorder Dietary Decade 
Group Ist 2nd 3rd 4th 5th 6th 7th 8th 9th 
Constipation 1 6 3 1 
8 1' 1 
Hiatus hernia 1 1 2 
8 
Appendicitis 1 7 9 3 2 1 
8 1 1 1 2 1 
I. B. S. 1 2 2 2 
8 1 
Diverticular 
disease 1 2 
8 
Cancer of Colon 1 
8 1 
Anal fissure 1 1 1 1 
8 1 1 
Gall stones 1 1 2 1 
8 1 11 
Diabetes mellitus 1 1 1 
8 
Angina pectoris 1 2 2 
8 11 
Coronary thrombos is 1 2 2 
8 
Haemorrhoids 1 3 5 5 4 
8 1 1 
Varicose veins 1 2 3 2 1 2 
8 2 
Iron deficiency 1 3 6 1 2 
anaemia 8 1 3 1 2 
s 
x 
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vegetarians. In view of the fact that the number of pregnancies 
differed between the groups, disorders known to be related to this 
condition (constipation, haemorrhoids, varicose veins and iron 
deficiency anaemia) have not been included in the following 
analysis. 
(b) Age at diagnosis 
The age at which the various conditions were diagnosed in dietary 
groups 1 and 8 (the life-long omnivores and vegetarians respectively) 
is shown in Table 17. It is clear that the various conditions tended 
to occur at an earlier age in the omnivores. Thus, six omnivores had 
constipation and seven had appendicitis during the first decade. 
Males are more prone to appendicitis than females (Morson and Dawson, 
1979) and this, too, was evident in the omnivores but not in the 
vegetarians. Differences in age at diagnosis were also evident for 
those conditions that were first diagnosed at a later age. Thus, 
in omnivores irritable bowel syndrome was first diagnosed in two 
subjects during the second decade, whereas the one vegetarian 
reporting the condition was not diagnosed until the fourth decade. 
Angina pectoris was diagnosed in omnivores in the fifth and sixth 
decades, and in vegetarians, not until the seventh and eighth. 
Haemorrhoids were first reported by omnivores in the second decade, 
whereas, in vegetarians it was not reported until the fifth decade. 
Varicose veins were diagnosed in omnivores in the second decade and 
again, in vegetarians, not until the fifth. A difference in age at 
diagnosis was also evident even when in the case of iron deficiency 
anaemia there was little difference with respect to diet in the inci- 
dence of the condition. Thus, iron deficiency anaemia was diagnosed 
in the first decade in omnivores but not until the third decade in 
vegetarians. 
(c) Severity of disease burden 
The fact that diseases occur more frequently in one group of 
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TABLE 18 
The number of outpatient appointments and days in hospital for 
disorders 'in life-long omnivores and life-long vegetarians. 
Disorder Omnivores Vegetarians 
Outpatient Days in Outpatient Days in 
appointments hospital appointments hospital 
Constipation 
Hiatus hernia 1 
Appendicitis 352 81 
Irritable bowel 
syndrome 3 
Diverticular 
disease 1 
Cancer of colon 10 
Anal fissure 7 4 14 
Gallstones 47 2 34 
Diabetes 
mellitus 8 14 
Angina pectoris 28 
Coronary thrombosis 10 79 
Haemorrhoids . 10 67 
Varicose veins 3 60 
Iron deficiency 
anaemia 2 
Total 36 654 8 139 
et 
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individuals does not necessarily indicate that they are more 
severe. In an attempt to assess severity of the disease burden 
the number of reported hospital outpatient appointments and the 
number of days as an inpatient were ascertained. The results set 
out in Table 18 reveal that the life-long omnivores reported thirty- 
six outpatient appointments compared with eight in the life-long 
vegetarians. The number of days in hospital were six hundred and 
fifty-four and one hundred and thirty-nine respectively. Approxi- 
mately the same proportion of the total time spent in hospital 
was accounted for by appendicitis in both dietary groups. On the 
other hand, vegetarians were not hospitalised for angina pectoris, 
haemorrhoids or varicose veins. 
(d) Disease associations 
Attention has been drawn by Burkitt and Trowell (1975) and 
Trowell and Burkitt (19819 to the fact that certain diseases appear 
to occur in association in communities consuming western-type low 
fibre diets. Other investigators have commented specifically upon 
disease associations in individuals (Brodribb, 1980). Gear (1978) 
has stated that such associations may suggest a common cause. Twenty 
of the. life-long omnivores and five of the life-long vegetarians 
reported having had more than one disease (Figure 2). Four of the 
five omnivores in this group who were constipated had appendicitis; 
eight of the fifteen omnivores who had appendicitis later developed 
haemorrhoids. A similar association of appendicitis with 
haemorrhoids was found in only one vegetarian. 
(iii) Disease associations in all subjects irrespective of diet 
Significant associations between disorders linked with low 
fibre diets were shown by chi-square analysis (Table 19). Of these 
disorders, angina pectoris, haemorrhoids and varicose veins were sig- 
nificantly associated with age (P<0.02, pc0.001 and P<O. 02 respectively) 
and females ieremore prone to-constipation than males (Pc0.02). Trowell 
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and Burkitt (19815 have drawn attention to the importance of 
considering such factors in relation to Western disease: 
"Epidemiologists can justifiably object that there exist valid age 
and sex group incidence data in only a minority of these diseases... ". 
Thus, in the present study, the matching of subjects with regard to 
age and sex was of considerable importance. 
Although the social class distribution was similar in all of 
the groups, the importance of this was uncertain. No association 
was in fact found between social class and the occurrence of any of 
the disorders. 
(iv) 'Fatness' as indicated b uetelet's index (weight in 
Kg/Ht in metres2) 
Quetelet's index rather than the simple measurement of body 
weight or weight for height was used as an index of body 'fatness'. 
The normal range quoted (Garrow, 1980) for this index is 19-25. The 
mean value for the omnivores was just above the upper limit, whereas 
the mean values for both vegetarians and vegans were within the 
range (Table 20). There was no significant difference in Quetelet's 
index between omnivores and vegetarians, but a difference was, found 
when the former group was compared with vegans. 
TABLE 20 
Quetelet's index in omnivores, vegetarians and vegans in phases 2 
and 3 of the life cycle (mean and standard deviation) 
Diet Quetelet's index 
(Kg/m ) 
Omnivorous 25.3 ± 5.2 
Vegetarian X22.6 ± 3.1 
Vegan 22.2*± 2.8 
*Value significantly different from that of omnivores at 
N0.05. 
Assuming 25 to be the upper limit of normal, 44 percent of the 
omnivores, 12 percent of the vegetarians and 19. percent of the 
vegans were above this limit (Appendix 24). This in itself does not 
necessarily indicate a health hazard, but when the index reaches 35, 
life insurance companies double the premium to compensate for the 
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increased risk of early death (Garrow, 1980). It was noted that 
the individual (an omnivore) with the highest index, i. e. 37, had 
a poor health record. He developed haemorrhoids at 19 years of age, 
varicose veins at 28, diabetes mellitus at 30, anal fissure at 
34 
and a heart attack at 37. 
The overall leanness of vegetarians and vegans is substantiated- 
in the literature (Ellis and Montegriffo, 1971; Brooks, 1978; 
b. 
Sanders, 1978; Anderson and Blendis, 1981; Burr et al., 1981). 
Moreover, Taber and Cook (1980) found that although more obesity 
occurred among their omnivores it was not absent in their 
vegetarians. It was noted that the latter group reported incorpor- 
ating more daily exercise in the form of sports, karate and hiking 
in their daily routines than omnivores. 
2. }IEALTH RELATED FACTORS 
(i) Medication 
The questionnaire contained a specific question (Number ii) 
about the intake of pills, potions and tablets, and scrutiny of the 
questionnaires suggested that a very small number of vegetarians and 
vegans rarely, if ever, took any medication. Thus, the question- 
naire contained comments such as: "I never touch any drugs"; "I do 
not use medication of any kind"; "I never take drugs, not even 
asprins" and "I am not in the habit of taking; drugs". 
In contrast, by far the majority of vegetarians and vegans 
practised self-medication. A variety of health food and pharmaco- 
logical preparations were taken. These have not been analysed in 
detail as part of the present study but would certainly seem to be 
worthy of further investigation. 
Although the omnivores did not practice self-medication to the 
same extent as vegetarians or vegans, information recorded in the 
questionnaire (intake of tranquillisers, sleeping tablets and 
laxatives); obtained by interview (smoking), or from the measured and 
-99- 
16 
15 
J14 
13 
12 
11 
10 
9 
8 
7 
6 
G 
1 
123456789 10 
Dietary group 
FIGURE 3 The number of days in the course of one week during which 
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recorded intakes (consumption of alcohol and taking of oral 
contraceptives) suggests that vegetarians and vegans are perhaps not 
so different from omnivores as some have thought. Burr et al. (1981), 
for instance, considered that general interest in healthy living by 
vegetarians would extend beyond the specific diet and be accompanied 
by non-specific changes in life style. 
The information recorded in the questionnaires, obtained by 
interview and measurement has been analysed and will now be 
discussed. 
No significant differences-were found between the different 
dietary groups in their use of tranquillisers, sleeping tablets and 
oral contraceptives. These observations, in general, agree with those 
of Ellis et al. (1976). These workers reported no difference between 
the different dietary groups in the incidence of depression. In this 
study more females (2 percent) than males (0.3 percent) reported using 
tranquillisers. Whereas the use of sleeping tablets was similar (just 
over 1 percent) in both sexes. The youngest subject taking tranquil- 
lisers was thirty-six years of age. The highest intake of sleeping 
tablets was by subjects aged fifty-six years and over. The results 
for the use of oral contraceptives (Appendices 9- 11 ) differ from 
those of McKenzie (1967) who found that vegetarians and vegans tended 
to disapprove of contraception. 
The use of laxatives (Figure 3) was almost entirely limited to 
dietary groups 1-3 and only 1 percent of the total population said 
they took them. Use of laxatives in vegetarians was similar to that of 
subjects studied by Ellis et al. (1976) but less than that reported by 
others (Connell et al., 1965; Taylor, 1975). More females (1.6 percent) 
than males (0.6 percent) took laxatives, and about half of the subjects 
who did take them were over 60 years of age. Use of laxatives tends to 
increase with age (Connell et al., 1965; Taylor, 1975) although much of 
this is probably unnecessary (p. 24). One of the subjects was taking 
-101- 
laxatives as treatment for irritable bowel syndrome - and Avery-Jones 
(1983) has stated that some medical conditions may provide good 
reasons for their use. 
Laxatives taken were of three main types: stimulant, bulk and 
unstandardised. By far the most popular was Senokot - this was taken 
by more than half of the laxative users. This finding is identical 
to that of Taylor (1975). 
(ii) Drinking and smoking habits 
In agreement with the findings of Burr et al. (1981') but in 
contrast to those of McKenzie (1967) and Brooks (1978) the drinking 
habits of our vegetarians and vegans were similar to those of the 
omnivores. It is to be noted however, that the subjects recorded their 
alcohol consumption, whereas the data in the other papers cited are 
based on questionnaires and interviews, which are known to increase the 
likelihood of under-reporting (Office of Population Censuses and 
Surveys, 1980). The number of omnivores, vegetarians and vegans 
consuming alcoholic drinks during the survey week was thirteen, ten 
and eleven respectively. Moreover, the percentage distribution of 
alcohol to total energy by difference from that obtained from protein, 
fat and carbohydrate was similar for all three groups] 
Smoking habits also differed little between the groups 
(Appendices 9,10 and 11). Had the vegetarians and vegans really been 
health conscious it might have been anticipated that they would have 
smoked less, and in fact, this was reported by McKenzie (1967) and 
Brooks (1978). Burr et al.. (1981) found few cigarette smokers amongst 
either their vegetarians or omnivores. It is possible that public 
attitudes on both social and health grounds tend, as with drinking, 
to under-reporting of the habit. 
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CHAPTER FOUR 
DIETARY INTAKES 
-103- 
INTRODUCTION 
The dietary intakes observed have been compared with figures 
derived from three main sources. Thus, reference has been made to 
individual studies, National Food Survey Statistics (Ministry of 
Agriculture Fisheries and Food, 1982) for the periods 1978 and 1979 
the time that the survey was undertaken and to"Recommended Daily 
Amounts of Food, Energy and Nutrients for Groups of People in the 
United Kingdom"(Department of Health and Social Security, 1979). 
1. DIETARY FIBRE INTAKES OF OMNIVORES, VEGETARIANS AND VEGANS 
(i) Total fibre 
The mean daily intakes of dietary fibre by omnivores, 
vegetarians and vegans are shown in the following table. 
TABLE 21 
Daily intakes of dietary fibre from various food sources in omnivores, vegetarians 
and vegansa. (mean and standard deviation) 
Diet Dietary Fibre (g) 
Total " Cereal Vegetable Fruit Nuts Mixed sources 
Omnivorous 23.0 110.6 11.6 16.7 7.1 1 3.4 3.1 1 3.0 0.1 . 0.1 0.7 : 0.9 
M Mx 
Vegetarian 37.5 1 16.7 15.8 . 8.7 11.4 16.7 8.0.7.5 1.8 12.0 0.5 10.8 
Vegan 47.0 _ 15.4 19.8 . 8.6 13.5 17.3 10.6 = 8.8 2.9 = 1.9 0.4 : 0.5 
a'Individual intakes are given in Appendix 25 
b. Computer analysis has resulted in a discrepancy in figures for total dietary 
fibre as the sum of the individual components listed and mean values have 
been rounded to the nearest 0.5 
Values significantly different from those in omnivores are shown * when Pe0.05; 
** when P<0.02; **, * when R O. 01 and *' * P(0.001. 
The omnivores consumed the least amount, vegetarians ate 
significantly more (P<0.01) and vegans ate more than twice the 
amount eaten by omnivores (47.0 compared with 23.0 grams, per. day 
P<0.001). The fibre intake for omnivores was similar to that 
quoted by Southgate et al. (1978) and Bingham et al. (1979). The in- 
take of fibre observed in the vegetarians was similar to that found 
by Gear and his associates (1979) and Burr et al. (19811 For vegans 
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the intakes were comparable with those of Abdulla et al. (1981). 
(ii) Cereal fibre 
The amount of cereal fibre consumed daily by the three groups 
is shown in Table 21. Again, omnivores had the lowest intakes, 
vegetarians obtained more fibre from this source (15.8 compared with 
11.6 grams) but the difference was not significant. As before, 
vegans had the highest intake which was significantly (P<0.01) 
higher than those of omnivores. 
In contrast to other published figures (Southgate et al., 1978; 
Bingham et al., 1979) the cereal fibre intake of the omnivores was 
high. In fact, the quantity of cereal fibre eaten was approximately 
twice that found in the two studies quoted. It is likely that changes 
in food trends which were particularly marked from 1978 onwards 
(M. A. F. F., 1982) are responsible for these differences. For example, 
there was a fall in the consumption of standard white loaves, while 
that of wholewheat bread more than doubled and brown bread increased 
by over a half. In addition, purchases of breakfast cereals also 
increased. Details of the mean weekly intakes of cereal foods are 
shown in Tables 22,23,24,25 and 26 for bread, breakfast cereals, 
pasta and rice and other cereal products respectively. These tables 
highlight the move towards the consumption of less refined food, 
particularly in the case of bread and breakfast cereals. Moreover, 
the quantity of the latter food eaten was more than double that found 
in the National Food Survey. 
The daily intake of cereal fibre by vegetarians was similar to 
that estimated in Mirone's (1954) study, but was considerably less 
than other estimated intakes, such as those of the boys at Wycliffe 
College (Plimmer, 1939) and the Trappist monks in Holland and Belgium 
(Groen et al., 1962). No published figures could be found with 
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which to compare the cereal fibre intakes of the vegans. Higher 
intakes of cereal fibre in both vegetarians and vegans were 
undoubtedly due to the preference shown for unrefined food 
(Tables 
22,23,24,25 and 26) and also to the larger amount of cereal food 
eaten, particularly bread, vegans took the lead with regard to the 
consumption of this commodity. 
Contrary to the Report of the Panel on Bread and Flour and 
other Cereal Products (D. H. S. S. ', 1981), which stated that only one 
third of the total fibre intake is derived from cereals, the omni- 
vores obtained 51 percent of their dietary fibre from cereals 
(Table 27). Moreover, both vegetarians and vegans derived 42 percent 
of their fibre intake from this source. Thus, the cereal fibre intake 
of the two vegetarian groups as a percentage of-total fibre was also 
higher than previously reported (Table 5). 
TABLE 27 
The percentage distribution of dietary fibre from various food 
sources in the diets of omnivores, vegetarians and vegans 
Diet Cereal Vegetable Fruit Nuts Mixed sources 
Omnivorous 51 31 14 <1 3 
Vegetarian 42 30 21 5 1 
Vegan 42 29 22 6 1 
(iii) Vegetable fibre 
The amount of dietary fibre obtained daily from vegetables by 
the three groups is shown in Table 21. Again, omnivores had the low- 
est intakes; vegetarians obtained significantly more (P<0.05) and 
so did vegans (P<0.01). The intake of vegetable fibre was low in the 
omnivores in comparison with those studied by Bingham et al. (1979) 
and National Food Survey estimates (Southgate et al., 1978). It was 
noted that the omnivores ate few pulses (Table 28) and as a group 
they tended to limit themselves to baked beans and frozen peas. In 
comparison vegetarians and vegans consumed a much greater quantity 
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and a far wider variety of pulses. This was particularly 
so of vegans, for whom lentils and textured vegetable 
protein featured regularly on their menus. Over the years several 
investigators (Hardinge et al.. 1958; Burr et al., 1981) have 
focussed attention upon the importance of pulses in the diet of 
vegetarians. 
In terms of the percentage distribution of dietary fibre derived 
from vegetables (Table 27) for omnivores, vegetarians and vegans the 
percentages were 31,30 and 29 respectively. All of the figures were 
lower than those previously reported (Table 5) and by Bingham and 
her colleagues (1979). 
(iv) Fruit fibre 
Once again, omnivores had the lowest intakes of all the groups 
(Table 21). Vegetarians consumed more than twice as much (P<0.02) and 
vegans ate more than three times the quantity of fibre from this 
source than omnivores (P<0.01). The intake of fibre from fruit in the 
omnivores was in line with that reported by Southgate et al. (1978) and 
Bingham and colleagues (1979), and the percentage of fibre derived from 
fruit was similar to that observed by the latter investigators (Table 
27). Despite the high intakes of fruit fibre in both the vegetarian 
groups the percentage cf fibre derived from this source was low in 
comparison with figures quoted by other authors (Table 5). 
(v) Nut fibre 
The amount of fibre derived from nuts (Table 21) was negligible 
in omnivores. In contrast both vegetarians and vegans obtained signi- 
ficantly more from this source (1.8 and 2.9 grams per day respectively). 
By far the most popular source of nut fibre was peanuts in one form or 
another (Table 29). Roasted salted peanuts tended to be eaten as a 
between meal snack in all of the groups. Fresh peanuts and peanut 
butter were eaten regularly by both vegetarians and vegans, but 
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particularly by the latter group. 
TABLE 29 
Mean weekly intakes (g) of peanuts and peanut butter by 
omnivores, vegetarians and vegans 
Diet Peanuts Peanut butter 
Fresh Roasted and salted 
Omnivorous 71 
Vegetarian 48 22 
Vegan 24 37 46 
a"Individual intakes are given in Appendix 31. 
The percentage contribution of nut fibre to total fibre was 
similar in vegetarians and vegans (Table 27) -5 and 6 percent 
respectively. 
(vi) Mixed sources of fibre 
Mixed sources of dietary fibre which Southgate et al. (1978) 
has described as 'miscellaneous', included foods from various 
sources, most of which were of cereal origin. The intake of fibre 
from this source was similar in all of the groups (Table 21) and, not 
surprisingly, the proportion of fibre derived from this source was 
correspondingly low (Table 27). 
2. INTAKES OF OTHER DIETARY COMPONENTS BY OMNIVORES, VEGETARIANS 
AND VEGANS 
(i) Energy 
There was practically no difference between any of the groups 
in the energy value of the diet (Table 30). All the intakes were 
lower than those reported in the National Food Survey but were very 
close to the recommended amounts. 
TABLE 30 
Daily energy intake (Kcals) and the percentage distribution obtained 
from different food sources in omnivores, vegetarians and vegans (mean and standard deviation). 
Diet Kcalsa" 
Omnivorous 2313 ±589 
Vegetarian 2290 ± 576 
Vegan 2381 ± 786 a"Individual intakes 
Energy % 
Protein Carbohydrate Fat 
15 43 42 
12 48 40 
11 54 35 
are given in Apprendix 32. 
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The similarity of omnivorous and vegetarian diets with regard to 
energy content is evident in several previous studies (e. g. Freeland 
Graves et al., 1980 and Burr et al., 1981). However, the fact that 
the vegans in the present study did not differ from omnivores or 
vegetarians with respect to energy intakes is surprising. Several 
investigators have shown that the vegan diet is generally low in energy 
density (Freeland Graves et al., 1980; Abdulla et al., 1981). Some 
authors have even suggested that this could pose a problem in the 
fulfilment of energy needs (Miller and Mumford, 1972; Raper and Hill, 
1974; Brooks, 1978). The reason put forward for this potential hazard 
of a vegan diet relates to the fact that vegetable foods tend to have a 
high water and a low fat content. Raper and Hill (1974) have suggested 
that the volume of food required to meet energy needs may be greater in 
a vegan diet. The following Table shows the mean daily weights of food 
consumed in relation to the water content of the three diets. 
TABLE 31 
Daily intake of food in relation to water content of the diet in 
omnivores, vegetarians and vegansa(mean. and standard deviation): 
Diet Food (g) Water content (g) 
Omnivorous 2592 ± 595 2097 ± 536 
Vegetarian 2549 ± 706 _2038 
± 617 
Vegan 2774 ± 814 2206 ± 702 
a"Individual intakes are given in Appendix 32. 
It is evident from Table 31 that there was no significant differ- 
ence between any of the groups with respect to the amount of food eaten 
or indeed the water content of the diet. 
(ii) Fat 
Despite the concern expressed about the lower fat content of 
vegetable foods it is clear from Table 32 that there was no significant 
difference in the amount of fat eaten by any of the groups, although the 
lowest intake was found in vegans. It was interesting to note that the 
fat intake of the omnivores was identical to that of the National 
Food Survey. 
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TABLE 32 
Daily intake (g) of protein, carbohydrate and fat by omnivores, 
vegetarians and vegansa. (mean and standard deviation). 
Diet Protein 
Omnivorous 84 ± 22 
Vegetarian 66** ± 19 
Carbohydrate Fat 
256 ± 88 105 ± 24 
278 ± 65 98 ± 25 
Vegan 61*** ± 17 335* ± 103 89 ± 37 
a"Individual intakes are given in Appendix 32. 
Values significantly different from those in omnivores are shown 
* when R0.05; ** when R0.02 and *** when PC0.01. 
(iii) Carbohydrate 
The intakes of carbohydrate are given in Table 32. Omnivores 
consumed the least amount, vegetarians ate little more and vegans ate 
significantly more than omnivores (1/0.05). The carbohydrate intake 
was similar to that of the National Food Survey for omnivores. The 
two vegetarian groups were in line with other studies of vegetarians 
(Abdulla et al., 1981; Burr et al., 1981). 
(iv) Protein 
Table 32 shows the protein intakes of the three dietary groups. 
Omnivores had the highest intakes, vegetarians consumed less 
(Pc0.02) and vegans ate even less still (P<0.01). However, all three 
diets provided more than the recommended, daily amount of protein. The 
intake of omnivores was just above the National Food Survey figures 
and the lower intakes of both vegetarians and vegans are comparable 
with other studies (Freeland Graves et al., 1980; Abdulla et al., 
1981; Burr et al., 1981). 
(v) Energy distribution 
The amount of energy obtained from protein, fat and carbohydrate 
(Table 30) in the omnivores (15,42 and 43 percent respectively) was 
very similar to the general population. On the other hand, both 
vegetarians and vegans obtained less energy from protein (12 and 
11 percent respectively) in comparison with omnivores. Vegans 
obtained a lower percentage of energy from fat and a higher percen- 
tage from carbohydrate in comparison with the other two groups. 
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(vi) Iron 
The intake of iron for all of the groups (Table 33) was in excess 
of the recommended daily amount and National Food Survey figures; the 
intakes of all the groups were similar. The iron intake of the vegans 
was marginally above that of omnivores. High intakes of this nutrient 
have been reported by several authors (Ellis and Mumford, 1967; 
Freeland Graves, et al., 1980; Abdulla et al., 1981) in vegans. 
TABLE 33 
Gaily intakes of minerals and vitamins by omnivores, vegetarians and vegansa" 
(mean and standard deviation) 
Diet Iron Zinc Calcium Vitamins 
mg mg m9 B12 Y9 C m9 0)'9 
Omnivorous 15.9 1 6.5 11.4 ! 3.3 1118 = 271 9.2 . 10.0 117 1124 2.511.0 
Vegetarian 14.8 s 4.4 9.2 = 3.4 1109 - 361 2.7 = 2.0 112 s 51 3.011.5 
Vegan 18.5 1 4.6 8.8 1 3.0 577 1131 3.0 1 2.2 156 1 68 3.4 11 .8 
a"Individual intakes are given in Appendix 32. 
Values significantly different from those in omnivores are shown * when K0.05; 
* when P<9.02 and '* when P<0.001. 
(vii Zinc 
The intake of zinc was similar in omnivores and vegetarians 
(Table 33). In contrast, vegans had lower intakes and the difference 
between the intake of omnivores and vegans was significant (P<0.05). 
The findings in this study substantiate those of Freeland Graves et al. 
(1980). However, in contrast, it was interesting to note that the 
vegetarians studied by Treuherz (1980) had higher zinc intakes than 
her omnivores. A similar finding was reported by Abdulla et al. (1981) 
in their vegans. 
(viii) Calcium 
None of the dietary groups consumed less than the daily recom- 
mended amount of calcium (Table 33). The intakes of omnivores and 
vegetarians were similar to those obtained in the National Food Survey. 
In contrast, the amount of calcium in the diet of the vegans was signi- 
ficantly less than that obtained on the omnivorous diet (P<0.001). 
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Intakes of calcium comparable to those obtained in the present study 
have been reported in several previous studies (Ellis and Mumford, 
1967; Freeland Graves et al., 1980). 
(ix) Vitamin B12 
The highest mean daily intake of vitamin B12 was found in the 
omnivores. Both vegetarians and vegans consumed significantly less 
of this nutrient from dietary sources (Table 33). However, several 
vegans and one vegetarian were taking the vitamin pharmacologically 
in the form of tablets or liquids such as Cytacon. Ellis and 
Mumford (1967) have suggested that a daily intake of 3-4 yg is 
desirable. It is thus questionable whether the vegetarian diets 
were satisfactory in this respect, particularly in the absence of 
non-dietary supplements or foods to which B12 had been added. 
(x) Vitamin C 
The mean daily intakes of ascorbic acid were in excess of 
recommended amounts (Table 33). The intakes of omnivores and 
vegetarians were similar and vegans had higher intakes than either 
group. All of these findings are comparable with other studies 
(Freeland Graves et al., 1980; Burr et al., 1981). 
(xi) Vitamin D 
The intake of vitamin D was similar in omnivores, vegetarians 
and vegans. All of the figures were comparable with those of the 
National Food Survey. 
3. POSSIBLE NUTRITIONAL CONSEQUENCES OP A HIGH FIBRE DIET 
The dietary data were analysed further to ascertain if the obser- 
ved differences in diet between omnivores, vegetarians and vegans 
were the result of vegetarianism or of a high fibre intake. 
The inter-relationship of total dietary fibre with: - 
(i) fibre from various food sources 
It was not surprising that there were highly significant positive 
correlations between dietary fibre intake and fibre obtained from the 
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TABLE 34 
The inter-relationship of total fibre intake (g) with intakes of 
other dietary components. 
Dietary component Correlation Significance 
coefficient 
(r) (P<) 
Cereal fibre (g) + 0.95 0.001 
Vegetable fibre (g) + 0.91 0.001 
Fruit fibre (g) + 0.86 0.001 
Nut fibre (g) + 0.77 0.001 
Energy (Kcals) + 0.92 0.001 
Protein '(Energy %) - 0.86 0.001 
Fata (Energy %) - 0.87 0.001 
Carbohydrate (Energy %) + 0.92 0.001 
Vitamin B12 (9) - 0.48 0.001 
Vitamin C (mg) + 0.83 0.001 
Calcium (mg) - 0.84 0.001 
Iron (mg) + 0.96 0.001 
Zinc (mg) + 0.91 0.001 
Water (g) + 0.91 0.001 
a"Values take account of energy derived from alcohol. 
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various food sources (Table 34). However, the highest correlation 
coefficient was obtained when total dietary fibre was plotted against 
cereal fibre (Figure 4). On the basis of this observation and comments 
already made in relation to the proportion of fibre derived from 
cereals (p. 107) it would seem that a general view of dietary fibre 
status might be obtained from a measure of the intake of cereal 
fibre 
only. Silman (personal communication) has even suggested, on the 
basis 
of his own findings, comparing seven day weighed and four day unweighed 
portions of cereal food, that it is in fact not necessary to weigh 
cereals in order to obtain a clinically useful estimate of cereal 
fibre intake. 
(ii) energy - intake 
The intake of dietary fibre was related to that of energy 
(Table 34). 
However, the scatter of the individual results (Figure 5) confirms the 
previous impression that low energy intake does necessarily imply low 
fibre intake and conversely a high energy intake does not ensure a high 
fibre intake (p. 15). The percentage of energy obtained from carbohydr- 
ate increased at the expense of that derived from fat and protein, 
(Table 34). This has important implications for dietary goals (D. H. S. S., 
1978) and supports the findings of Stephen (1981) that the contribution 
of fat to energy was reduced as a result of planning the diet around a 
high fibre intake. 
(iii) the intake of other nutrients 
Vegans had the highest fibre intakes, and it was not surprising that 
there was a negative correlation between fibre and vitamin B12 intake 
(Table34). However. many of the vegetarians (Appendix 32) also had a 
low intake of vitamin B12. The difference between these two groups was 
that the vegans recognised the need for vitamin B12 supplementation, 
whereas few of the vegetarians did. 
There was a negative correlation between the intake of dietary fibre 
and that of calcium (Table 34). However, the picture is again distorted 
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by the fact that the subjects having the highest fibre intakes were 
vegan and therefore did not consume cows' milk, which is a major 
source of this nutrient. The nutritional significance of this nega- 
tive correlation is not at present known. Values for the calcium 
intakes showed that this was adequate (p. 11). The recommended amounts 
generally presuppose the consumption of an omnivorous diet. The 
amounts may not be adequate if there are major alterations in other 
dietary components which are likely to impair the absorption of calcium 
from the gut such as phytic acid and fibre (Reinhold et al., 1975). 
The intakes of iron and vitamin C rose as the level of fibre in 
the diet increased (Table 34 and Figures Gäni-7 respectively). Again, 
the significance of these observations is not known but it would seem 
desirable that intakes of iron should not be marginal when it is 
derived from non-animal sources. It is well known that haem iron is 
much more easily absorbed than iron from plant foods and again the 
effects of phytic acid and fibre on iron absorption may be of some 
importance. 
The intake of zinc also rose with the intake of fibre (Table 34). 
This finding was not surprising as whole cereals are reasonable 
sources of this mineral. However, the zinc intake of vegans was low 
when compared with that of omnivores. It may well be that the 
omnivores were not representative of the general population for as 
noted earlier (p. 106) they were consuming whole cereals in preference 
to those which were refined, but in addition, also meat; thus, they 
were receiving substantial amounts of zinc from two rich sources of 
this nutrient. In contrast, vegetarians, and vegans in particular, 
relied on zinc derived from plant foods. Poor absorption of this 
nutrient from non-animal sources, and impaired absorption caused by 
chelation of zinc with fibre and phytic acid, would again suggest that 
intakes should not be marginal. 
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The positive correlation between the intakes of dietary fibre 
and water was particularly interesting (Table34; in view of the 
suggestion that too little fluid might be a contributory factor 
towards constipation in the elderly (Exton-Smith, 1972). 
4. DIETARY FIBRE INTAKE AND OTHER VARIABLES 
Consideration of factors other than diet that might possibly 
have had a bearing on dietary fibre intake was a vital part of the 
methodology. Variables such as time of year, individual variation, 
age and sex-were all accounted for. Analysis of the data relating 
to dietary fibre intake irrespective of dietary practice suggests 
that the precautions taken were fully justified. 
(i) Individual variation 
Of all the variables mentioned it seemed that individual variation 
was by far the most influential (Appendix 25 ). The ranges for 
dietary fibre intake in omnivores, vegetarians and vegans were 
9.9-57.0,15.0-70.6 and 24.4-78.0 grams per day respectively. 
Individual variation was also evident in relation to the sources of 
fibre. For example, some subjects were consuming vast amounts of 
cereal fibre. The omnivore with the highest intake (Number 74) was 
in fact eating large quantities of All-bran and muesli (Appendix 27 ). 
The vegetarian with the highest intake (Number 46) ate a lot of 
wholewheat bread (Appendix 26) and wholewheat flour (Appendix 30). 
The vegan with the highest intake of cereal fibre (Number 59) ate 
large quantities of oats, wholewheat bread and wholewheat flour. 
(ii) Sex 
Table 35 summarizes dietary fibre intake from different food 
sources in relation to non-dietary variables. Of these, differences 
in intake according to sex were the most significant. Males had 
higher intakes than females (P<0.01) particularly in relation to 
cereal and vegetable fibre (P<O. 01 and P<0.02 respectively). 
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(iii) Age 
Although there was no significant difference between age and 
total fibre intake (Table 35) it was noted that the three children 
(Phase 1 of the life cycle) had lower intakes than those in the 
other two age groups (Phases 2 and 3 of the life cycle). As well as 
this, differences between the sources of fibre were observed. Adults 
in the declining years ate significantly more fibre from fruit than 
those in Phase 2 of the life cycle (P<0.05). 
(iv) Time of year 
There was no significant difference between dietary fibre intake 
and time of the year (Table 35). Although it was noted that there 
was a small decrease in the amount of fibre derived from vegetables 
during the third quarter of the year, in comparison with that obtained 
from this source during the first quarter. 
(v) Social class 
No significant difference was found between fibre-intake and 
social class (Table 35). However, it was noted that the highest 
intake was found in Social Class 3. This finding was not surprising 
as most of the vegans were in this social class. 
(vi) Quetelet's index 
Dietary fibre intake was significantly negatively correlated 
with Quetelet's index (Figure 8). This finding was particularly 
interesting in the light of Heaton's (1980) comment, that such 
correlations may be sought in communities who depend upon plant 
foods as a source of energy. 
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CHAPTER FIVE 
BOWEL FUNCTION MEASUREMENTS 
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1. BOWEL FUNCTION MEASUREMENTS IN OMNIVORES. VEGETARIANS AND VEGANS 
Mean transit time in omnivores and vegetarians was similar 
(Table 36). In comparison with the former group vegans had a shorter 
transit time, but the difference was not statistically significant 
due to the considerable variation as shown by the substantial 
standard deviations. The transit time in our omnivores was shorter 
than that found by others (Burkitt et al., 1972; Wyman et al., 1978; 
Gear et al., 1981) whereas that of our vegetarians and vegans was 
similar to those previously reported (Burkitt et al., 1972; Holm and 
Hansen, 1975; Gear et al., 1981). 
TABLE 36 
Bowel function measurements in omnivores, vegetarians and vegansa. (mean and standard 
deviation) 
Diet M. T. T. Frequency Wet Mean Mean form 
(hrs. ) of defae- weight of rheology of faeces 
cation faeces of stools (1-8) 
(per 24 hrs. ) (g. per 24 hrs. ) (0.1 mm) 
Omnivorous 51.8 _ 19.4 1.0 + 0.2 153 ! 79 35 + 22 5.7 _ 1.3 
Vegetarian 48.5 1 27.2 1.2 10.5 
Vegan 44.7 _ 21.0 1.7 : 0.9 
168 1 56 44 26 5.0 _ 1.5 
225 _ 91 52_18 4.5_1.2 
a"Individual measurements are given in Appendix 33 
Values significantly different from-those in omnivores are shown 
** when PG0.02 and *** when P<0.01. 
Again, stool frequency was similar in omnivores and vegetarians, 
but in comparison with the former group vegans had a greater stool 
frequency. The absence of difference between omnivores and 
vegetarians was in contrast to the observations of Goldberg et al. 
(1977) and Kuhnlein et al. (1981). Moreover, frequency of defaeca= 
tion in vegetarians reported by these authors was similar to that 
observed in our vegans. 
Daily faecal wet weights were similar in omnivores and vegetar- 
ians (Table 36) and vegans once more, produced significantly more 
faeces daily than omnivores. Again, the faecal weights of the vegans 
were more like those of vegetarians studied by Burkitt et al. (1972). 
Holm and Hansen (1975) and Miettinen and Tarpila (1978). 
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The hardest stools as shown by the lowest penetrometer readings 
(Table 36) were found in the omnivores. In comparison, vegetarian 
and vegan stools were softer and the difference between omnivores 
and vegans: "was significant. 
The stools of omnivores and vegetarians were both formed(Table %) 
However, those of the former group tended to be superficially cracked 
(Plate 4f) and the latter, smooth and snake-like (Plate 4e). Vegans 
on the other hand produced stools that were semi-formed (Plate 4d). 
2. THE INTER-RELATIONSHIP OF MEAN TRANSIT TIME WITH OTHER 
PARAMETERS OF BOWEL FUNCTION 
The gradation of values for the various indices of bowel 
function according to diet (Table 36) suggested that M. T. T. was 
related to the other parameters of bowel function measured. To 
ascertain if this was the case, M. T. T. was plotted against the 
other bowel function variables. The correlation coefficients for 
the relationships are shown in the following table. 
TABLE 37 
The relationship between mean transit time and other bowel 
function variables 
Bowel function variable Correlation Level of 
coefficient significance 
(r) (P<) 
Frequency of defaecation 
(per 24 hrs. ) - 0.75 0.001 
Wet weight of faeces 
(g. per 24 hrs. ) - 0.76 0.001 
Mean rheology of stools (0.1 mm) - 0.72 0.001 
Mean form of faeces 
(1-8) + 0.93 0.001 
All of the measurements were significantly correlated with 
M. T. T. As M. T. T. decreased, stool frequency and wet weight in- 
creased and faeces softened. The highest correlation was obtained 
when mean transit time was plotted against faecal form (Figure 9). 
Thus, as M. T. T. decreased-the. stools tended to be unformed. Converse- 
ly, when M. T. T. was prolonged stools had a tendency to be formed and 
deeply cracked or fragmented. Such an association could be of 
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importance, for the simple observation of faecal form might allow 
clinically useful information to be inferred with regard to transit 
time. Slavin et al. (1981) have in fact stated that 
"Correlations between transit time and other measures of 
bowel function, that are simpler to determine, suggest it 
may be possible to predict transit time from one or more 
of these measures. " 
3. THE INTER-RELATIONSHIP OF MEASURES OF BOWEL FUNCTION WITH 
DIETARY FIBRE INTAKE 
All the parameters of bowel function measured were significantly 
correlated with intake of total fibre and that obtained from various 
food sources (Table 38). As fibre increased, M. T. T. decreased, stool 
frequency and wet weight increased and stools became softer and veered 
towards the lower end of the faecal form scale (Table 13). 
The differemes between the correlation coefficients were small, 
particularly for total fibre and that derived from cereals and veget- 
ables. In the past much emphasis has been put upon the effect of 
cereal fibre on bowel function (Trowell and Burkitt, 1981x). More rec- 
ently Leeds et al. (1982) have shown that diets rich in haricot beans 
increase stool frequency and faecal wet weight. It would seem from our 
results that fibre from vegetables, particularly pulses. (p. 107), is 
worthy of further investigation. Moreover, it appears that in some 
way the 'mixture' of fibres may be of more importance than specific 
fractions. 
4. THE EFFECT OF NON-DIETARY VARIABLES ON BOWEL FUNCTION 
In order to assess the role of diet on bowel function it was 
thought necessary to eliminate as many non-dietary variables as pos- 
sible. The data have been examined retrospectively to find out if the 
precautions taken were justified with respect to health, sex, age, 
individual variation, time of year and method used for the measure- 
ment of transit time. The effect of social class was also considered 
even though this variable was not accounted for. 
(i) Health 
Health was considered as being an important factor in the 
-130- 
selection (p. 37) and elimination(p. 38) of subjects. However, this 
issue was clouded with uncertainty because of the daily variations 
in faecal form: stools ranged from runny to fragmented (Forms 1 and 
2 and 8 respectively) and these were frequently accompanied by 
mucus. Descriptions of functional bowel disorders, such as those 
of Thompson and Heaton (1980)and Drossman et al. (1982) raised 
doubts as to whether our subjects were in fact healthy. 
TABLE 39 
The number of subjects who produced runny or fragmented stools and 
mucus during the survey week 
Diet Stools 
Runny Fragmented With mucus 
Omnivorous 10 14 11 
Vegetarian 12 11 8 
Vegan 12 98 
The number of subjects who passed runny or fragmented stools, 
or stools with mucus is shown in Table 39. The significance of 
these observations would seem to be uncertain. It may be that they 
reflect variations in the norm for different individuals. They may 
be construed as support for the statement that 
"To understand the disorders of bowel motility, it is important 
to know the range of bowel patterns in the general population: ' (Drossman et al., 1982). 
(ii) Sex 
Table 40 shows that in comparison with females, males produced 
a greater quantity of stool daily (Pt0.001), the faeces were softer 
(NO-01) and tended to be semi-formed rather than formed(P<0.02) Some of 
this difference might have been due to the higher intake of fibre 
in males (p. 121). However, the data relating to females were 
analysed further. Subjects were classified according to whether 
they were (a) taking oral contraceptives, (b) in the luteal phase 
of the menstrual cycle or (c) pre-menstruating, post-menopausal. or 
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in other endocrinological phases of the menstrual cycle. A com- 
parison of bowel function measurements in the three categories is 
shown in Table 41 . There was very little difference between 
categories (a) and (c). Thus, there was no evidence to support 
the suggestion that oral contraceptives may induce constipation 
in susceptible women (Read, 1983). The differences between 
categories (b) and (c) on the other hand were more illuminating. 
Women in the luteal phase of the menstrual cycle had a significant- 
ly longer transit time (P<0.001), stools were harder (P<0.05) and 
veered towards the upper limit of faecal form (PC0.02). These 
findings support those of Wald et al. (1981) and Leeds and his 
colleagues (1982). 
Despite uncertainty about the precise mechanism Wald et al. 
(1981) concluded that the luteal phase of the menstrual cycle is 
associated with increased progesterone levels and prolongation of 
gastro-intestinal transit. Further studies by Christofides et al. 
(1982) in relation to pregnancy suggest that progesterone causes 
the inhibition of the gut-stimulatory hormone, motilin. This latter 
hormone has powerful effects on the smooth muscle of the gastric 
antrum, duodenum and colon (Christofides, 1978). 
One subject (Number 9) progressed from the. luteal phase It 
to day 5 of menses during the survey. To ascertain if there were 
any changes in bowel function measurements during these different. 
endocrinological phases this subject was examined as a case study. 
Changes in bowel function were evident (Table 42) with no markers 
appearing until day I of the cycle - that is four days after the 
ingestion of the first dose of markers. Until this time her stools 
were light in weight, hard and fragmented. Thereafter and until 
day 4 of the cycle stool weight increased, and the faeces were softer 
and even runny. Transit time as determined from single doses of marker 
(p. 82) decreased progressively from doses 1 to 3 with measured 
transit. time of 81 . 4,57_. 2 and 44.2 hrs. respectively. 
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TABLE 42 
Bowel function measurements in relation to the menstrual cycle 
(Subject No. 9) 
Days Number Frequency Wet weight Mean Form of 
Survey Menstrual of of defae- of faeces Theology faeces 
cycle markers cation 
(per 24 of indi- observed 
excreted (per hrs. ) vidual per 
24 hrs. ) stools bowel 
(0.1mm) action 
(1-8) 
1 28 
2 29 1 50 16 8 
3 1 1 70 15 8 
4 2 40 1 310 67 9 
5 3 10 1 50 49 2 5 
6 4 10 1 180 42 .2 5 
7 5 1 95 11 8 
Again these results are comparable with those of others (Rees 
and Rhodes, 1976; Wald et al., 1981; Leeds et al., 1982). The former 
investigators have attributed the formation of loose motions at this 
time in the cycle to the release of prostaglandins E2 and F24. 
Unduly high quantities of prostaglandins E2 and F2 d are synthesised 
by the endometrial tissue during menstruation (Gont-alez, 1980). 
The importance of these findings is unknown, but if females in 
general are prone to alterations in bowel function during different 
phases of the menstrual cycle these observations seriously question 
the validity of irritable bowel syndrome diagnosis when emphasis is 
placed upon alterations in bowel function (Drossman et al., 1982). 
It is also perhaps of some significance that this syndrome is said 
to be more common in females. 
(iii) Age 
There was no difference in mean transit time between the young 
(phase 1 of the life cycle) and older (phase 3 of the life cycle) 
age groups. In comparison, the age group designated phase 2 of the 
life cycle had a longer mean transit time. It is likely that the 
luteal phase of the menstrual cycle had a bearing on this observation. 
The similarity of mean transit time-in children and older adults is 
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more difficult to explain, especially as age has been associated 
with decrease in activity and long transit time 
(Brocklehurst and 
Khan, 1969). However, it is possibly of some significance that 
none of the subjects in the older age group were particularly old 
and most of them were active. The personal experience of many 
people has led to the suggestion that exercise has a beneficial 
effect on bowel habit (Cummings, 1978). Moreover, although the 
effect of exercise on colonic function has yet to be established 
(ßoldstock et al., 1970) it may be of some significance that 
motilin (the stimulatory gut hormone) increases with strenuous 
exercise (Christofides, 1978). 
(iv) Individual variation 
As in the case of fibre intake individual variation in bowel 
function measurements was evident (Appendix 33). Thus the ranges 
for mean transit time in the omnivores, vegetarians and vegans 
were 32.5 - 107.9,28.3 - 146.1 and 28.9 - 101.6 hrs. respectively. 
Similar patterns emerged in relation to the other measures of 
bowel function. The importance of the effects of individual or 
constitutional factors on mean transit time has been emphasised 
by Smith and Eastwood (1980). 
(v) Transit time measurement 
Cummings (1978) has stated-that one of the factors affecting 
transit time in normal people is the method of measurement. The 
selection of an appropriate method for transit time measurement 
was an essential part of the study design (p. 77). Variation in 
transit time determined by single doses of marker (p. 82) in the same 
subject fully justified the necessity of arriving at a mean value 
(Table 43). Moreover, despite the significant positive (P<0.001) 
correlation between M. T. T. -S. and S. S. T. (Figure 10) prolonged 
transit time through the gut tended to be hidden when the latter 
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method of measurement was used. 
TABLE 43 
Comparison of transit time values (hrs. ) obtained by three 
different methods: M. T. T. -S., S. S. T. and the taking of single 
doses of markers. 
Single doses of marker S. S. T. M. T. T. -S. 
65.7 55.7 33.7 44.9 51.7 
51.8 83.3 69.9 74.5 68.3 
105.0 84.6 56.0 59.9 81.9 
103.7 97.0 81.0 68.6 93.9 
113.6 105.2 104.9 69.1 107.9 
The problem of underestimating the time taken for food to 
pass through the gut by S. S. T. has been overcome by Gear et al. 
(1981) by the administration of five doses of marker and the 
collection of a later stool. However, the search for the ideal 
methodology still continues, for Mathers (1983) has found that 
mean transit time estimated from markers taken at breakfast is 
significantly longer than that estimated from markers taken at 
other meals. On this basis it is likely that the mean transit 
time measurements presented in this study are exaggerated. 
(vi) Time of year 
There was no significant difference between any of the bowel 
function measurements and the time of year (Table 40). However, 
stool rheology readings tended to be slightly lower during the 
first quarter in comparison with those taken in the third quexter. 
The very cold weather conditions that prevailed during the first 
quarter might account for this difference. 
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CHAPTER SIX 
GENERAL DISCUSSION 
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1. DESIGN OF THE STUDY 
"We hope that our work may stimulate others to collect by 
approved methodology more precise data in terms of age, sex, 
socio-economic background and variations in time and place, 
which will contribute to the correction of error and 
substantiation of truth necessary to convert hypotheses 
into theories and theories into facts. " (Burkitt and 
Trowell, 1975). 
This statement was a tremendous incentive in the study 
design, for it seemed that progress in the dietary fibre story 
was stunted because of methodological difficulties. The 
methodology used in the present study will now be discussed to 
see if it has potential for further use. 
Method integration was a fundamental part of the study 
design, and it should be stated at the outset that had such an 
approach not been taken, the study would never have 'got off the 
ground'. Thus: obtaining subjects for both the retrospective 
and detailed studies by way of the questionnaire, carrying out 
the dietary survey at the same time that bowel function was 
measured, and the measurement of five different parameters of 
bowel function from the same stool collection, made for a 
smooth-running procedure. 
Subject co-operation was a factor of considerable importance 
in the method design. Obtaining the balance between that which was 
required scientifically and that which was 'human', probably 
accounted for the high degree of co-operation shown by those who 
participated in the detailed survey. For example, all the requis- 
ite items needed by 'free-living' subjects to meet the demands of 
the survey were provided. The cumulative weighing of foods less- 
ened the chance of hot meals becoming cold as a result of the 
dietary survey procedure, and the detail devoted to maximum hygiene 
rendered the stool collection procedure acceptable. These points 
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were commented upon by subjects, who gave their seal of approval. 
Vegans and vegetarians were found to be highly motivated and 
are perhaps ideal subjects for studies of this kind. Omnivores, on 
the other hand, were more difficult to obtain, and this in fact 
reflects a weakness in the present study. However, the same 
economic constraints might not apply to larger scale studies, in 
which case many more questionnaires could possibly be sent out 
using the Electoral Register with more fruitful results than those 
obtained in the present study. Once subjects had agreed to take 
part, if anything, over-enthusiasm was more of a problem than lack 
of it, and in all fairness to subjects, the demands of this kind 
of survey must be emphasised. This is particularly important if 
whole families are to be involved. In the present study, two mothers 
were in fact, unable to keep up with their children's stool 
collections. 
The need to assess health in surveys of bowel function should 
not be underestimated even after the survey has taken place. The 
fact that during the survey several disorders were diagnosed, and 
one woman suspected that she was pregnant substantiates this point. 
The health assessment procedure was not one of the survey strengths, 
and at best can be regarded as an assurance that people were free 
from overt symptoms of disease. Perhaps if a large scale study was 
undertaken, medical personnel could be included in the team to carry 
out a more rigorous health check. Associated with this issue is the 
taking of pharmacological preparations; it is particularly advisable 
to have records in this respect as certain preparations have an 
effect on bowel function. Thus, the subjects who took Pripsen had 
to be eliminated as this preparation contains senna apart from 
the fact that having thread worms showed that these participants 
were not in the best of health. Although the effect of oral 
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contraceptives did not manifest itself. with regard to bowel 
function, it is perhaps advisable to take account of this factor 
until more is known. 
Matching subjects with regard to their sex was a vital 
consideration in a-11 of the aspects investigated. The fact that 
in comparison with males, females were more prone to constipation, 
took more laxatives, had a longer mean transit time,, and other 
bowel function measurements that differed markedly from those of 
males, in addition to lower intakes of fibre, fully justifies 
this procedure. 
Females should even be matched for endocrinological phases in 
the menstrual cycle. The differences in bowel function between 
women in the luteal phase of the cycle in comparison with non- 
luteal phase females would suggest that endocrine factors could 
be of considerable importance in bowel function studies. Moreover, 
the diarrhoea-like symptoms characteristic of the early part of 
menses, possibly related to the release of prostaglandins, is. a 
factor that could be of some importance. 
Matching subjects for age was also necessary. The fact that 
certain disorders, fibre intakes and bowel measurements were associ- 
ated with differences in age justifies this step. Age at diagnosis 
is also an important consideration when diet and disease asoccia- 
tions are being sought. If account of this is not taken, erroneous 
conclusions can easily be drawn. Thus, that many of the disorders 
in vegetarians and vegans were diagnosed prior to the adoption of 
either of the diets illustrates this point. Moreover, failure to 
record age at diagnosis and pregnancy would have hidden the 
tendency for the delayed onset of disease in life-long vegetarians 
in comparison with life-long omnivores. 
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The importance of matching subjects for social class is 
uncertain, for it was not possible to match subjects in this way 
in the present investigation. Although no association was 
found between. social class and any of the disorders, or bowel 
function, the fact that fibre intake was higher in social class 
3 than in either social classes 1 or 2 would suggest that it is 
probably advisable to take account of this factor until more is 
known. 
Exercise was thought to be one of the most difficult 
variables to match. Although it was not attempted in this study 
it could be of importance, and might well give some explanation 
for the similarity of bowel measurement between the children and 
older age group (who were very active) and individual 
variation as a whole. 
This study was limited geographically; perhaps multi-centre 
studies could be undertaken to overcome this problem. The impor- 
tance of this factor should not be ignored in view of the 
different fibre intakes in the various regions (Bingham et al., 
1979; Eastwood et al., 1982). Such studies could also be 
organised to take account of seasonal variation. The effect of 
this on vegetable fibre intake was observed, and moreover, stools 
were harder during the cold winter spell, in comparison with the 
softer stools of summer. 
2. METHODS USED 
Crucial to all the methods was the fact that subjects were 
'free-living'. Assessment of health of people on General 
Practitioner'lists, attending hospital outpatient departments or 
actually in hospital, or measures of diet and bowel function as 
part of short-term experimentation can be misleading. Thus, the 
present study cannot be criticized in this respect. It was 
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imperative that the approach taken was that of "experiment of 
opportunity". Each of the methods used will now be discussed 
in its own right. 
Diagnosis of disorders by medical practitioner , homeopaths, 
naturepaths and osteopaths was chosen on grounds of practicality 
only. Such a method is not ideal and at best can only give a 
general view of disease pattern. Large scale studies could 
possibly include the checking of medical records and diagnosis 
by approved methods. This problem is recognised; Trowell and 
Burkitt (1981a)-have in fact commented that disease incidence in 
relation to modern disease has not been determined by agreed 
methods of investigation. Also of some importance, particularly 
when aetiological factors are being sought, is the necessity for 
examining disorders together rather than in isolation. The 
inclusion of details of treatment can also yield useful infor- 
mation - for example further credence may be given to the 
diagnosis itself, and as shown in this study may throw some 
light upon disease severity. 
It could justifiably be argued that the dietary survey 
procedure was very demanding for all concerned. However, until 
more is known about factors that might influence fibre intake; 
implications of high fibre intakes for other dietary components; 
ways of incorporating fibre into the diet in acceptable ways, and 
not least, the role of fibre from different food sources on bowel 
function, it is probably advisable to obtain as full a view of the 
diet as possible. Large scale studies might possibly include a 
nutritionist whose sole responsibility would be dietary assess- 
ment. However, if a general view of fibre intake is required it 
might be sufficient to obtain a measure of cereal fibre intake 
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only as it was shown that fibre from this source was more 
positively correlated with total fibre intake than fibre from 
any other food source. 
The survey of bowel function was perhaps the most demanding 
part of the study, but again, until more is know about bowel 
function in the 'normal' population it is essential that studies 
are designed to yield the maximum amount of information. Some 
of the burden would probably be removed if a team of people was 
involved. Thus, a technician to prepare the markers for the 
transit time measurement, to make the primary collection bags, 
wash and label tertiary containers for further use and to dispose 
of faeces; a driver to collect stools from subjects' homes; a 
person skilled in the taking of the appropriate measurements, and 
a radiologist to X-ray the specimens, might well be the answer. 
However, in the long term it might be that an assessment of faecal 
form only, is all that is required, since this parameter of bowel 
function correlated more highly with mean transit time than any of 
the other measurements taken, and such an assessment could even be 
made by the subject. On the other hand, if transit time is to be 
measured, the method described in this thesis for the radiography 
of multiple samples could be of practical use. 
3. IMPLICATIONS OF THIS STUDY FOR THE'FIBRE-HYPOTHESIS' 
The work described in this thesis was undertaken to provide 
evidence in connection with what has-become known as the 'fibre- 
hypothesis'. This owes its origin to the work of Cleave (1974), 
who drew attention to the fact that a number of diseases in 
modern society were associated with a diet containing a relatively 
large proportion of refined foods, such as sugar and white flour. 
The'fibre-hypothesis' itself was formulated by Burkitt and Trowell, 
and they believed, in contrast to Cleave, that the link with 
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disease was not necessarily the large proportion of refined foods, 
but was related to the low intake of unrefined food. Although 
this idea has been extant now for fifteen years, Burkitt himself, 
seems never to have precisely formulated it. However, such a 
formulation has been made by Southgate (1982) in the following 
terms: - 
"The hypothesis has two primary statements: - 
1. A diet that is rich in foods which contain plant cell 
walls (for example, high-extraction cereals, fruits and 
vegetables) is protective against a range of diseases, in 
particular those prevalent in affluent Western communities 
(for example, constipation, diverticular disease, large 
bowel cancer, coronary heart disease, diabetes, obesity 
and gallstones). 
2. In some instances a diet providing a low intake of plant 
cell walls is a causative factor in the etiology of the 
disease and in others it provides the conditions under 
which other etiological factors are more active. " 
In examining this hypothesis it was necessary to investigate 
the various patterns of disease and bowel function in 'free-living' 
individuals with a range of dietary fibre intakes. It was recogni- 
sed that these do exist in the community, in that some people eat a 
diet solely of plant foods (vegans), others with some foods of 
animal origin (vegetarians), and an omnivorous diet. in which meat 
is consumed. Individuals in these three groups provided a range of 
dietary fibre intakes. The existence of this range within the U. K. 
made it possible to retrove one of the criticisms which can be given 
to epidemiological studies. In this way it was possible to examine 
the various factors with measured dietary fibre intakes ranging 
from about 10 grams to 78 grams per day. For the purpose of this 
presentation, omnivores, vegetarians and vegans have been treated 
as three groups. It was also possible to identify groups of 
individuals who had been on these various diets for different pro- 
portions of their lives, ranging from omnivores and vegetarians who 
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had followed their diets for the whole of their lives. It is 
suggested that results obtained on individuals of this sort 
provide more convincing evidence in support or otherwise of the 
`fibre-hypothesis' than studies related to changes over a short 
term. 
The differences in disease pattern between vegetarians and 
omnivores (following diets representative of Southgate's 1982 
statements 1 and 2 respectively) undoubtedly supports the 
hypothesis. Life-long vegetarians in contrast to life-long 
omnivores had a lower incidence of 'Western' disease, a later 
onset, lower severity and fewer disease associations between the 
various disorders. Not only-. was a preventive role evident but also 
one that was therapeutic, because many people who began their lives 
as omnivores and later became vegetarian were relieved from 
symptoms of several disorders, particularly constipation. 
Moreover, fewer laxatives were taken by vegetarians than by 
omnivores. 
Although no attempt was made to diagnose constipation, dif- 
ferences in bowel function between omnivores and vegetarians were 
found, and these were all significantly correlated with fibre 
intake. Thus, as fibre intake increased, transit time shortened, 
defaecation became more frequent, stool weight increased and 
faeces were softer and tended to be unformed. 
These findings may make it possible to introduce a degree of 
precision to the original hypothesis. It might be that an intake 
of about 40 grams of fibre daily, such as that found in the 
vegetarians, and the associated measures of bowel function is what 
we should be aiming for. The fact that all the measures of bowel 
function, particularly faecal form, correlated highly with mean 
transit time is of tremendous practical importance, and it is 
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possible that the formed, smooth, snake-like or cylindrical 
stool characteristic of the vegetarians is the desired end-point. 
This idea runs parallel with that of Heaton (1983) in relation to 
the use of bran 
"The quantity of bran taken daily should be 'titrated' to the 
desired end-point, which is a soft stool passed without 
straining. " 
The fibre intakes were particularly interesting because the 
hypothesis, as referred to by Southgate (1982), puts no emphasis 
upon any particular fibre fraction. In contrast, many investigat- 
ors (for example, Trowell and Burkitt, 1989x) have placed consider- 
able emphasis upon the importance of cereal fibre in relation to 
bowel function. The findings of this study would suggest that too 
great an emphasis might well have been given to this fibre fraction. 
Indeed, this is one of the dangers in investigating dietary com- 
ponents and not the whole diet. Vegetable fibre, particularly 
that of pulse origin. could be'just as important as that' 
derived from cereals. Moreover, it is possible that the 'mixture' 
of fibre from all food sources is even more important. as the 
highest correlation coefficients were obtained when dietary fibre, 
and not the fractions, was plotted against the different parameters 
of bowel function. 
A picture of the whole diet was interesting for other reasons. 
As fibre intake increased, the proportion of energy derived from 
carbohydrate increased at the expense of that obtained from fat. 
Thus, with no additional effort, one of the major recommendations 
for dietary goals (D. H. S. S., 1978) was fulfilled. Moreover, a 
variety of ways for increasing fibre intake were observed. The 
finding that omnivores could achieve intakes in excess, or not far 
short of those of vegetarians, is of great importance, for it shows 
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that drastic changes in eating habits are not necessary. This 
factor is of some significance because most people like meat 
(Ross, 1980). Suggestions for approaches to dietary change have 
been given by Dickerson and Davies (1978; 1979a., b. and c.; 1982). 
in a series of articles on dietary goals, with a view to having 
as wide a choice as possible. This point is to be emphasised 
because vegetarianism, or as other authors have suggested, the 
diet of peasant agriculturists (Trowell and Burkitt, 1981b. ) 
can be limiting. 
It seems that the work described in this thesis forms a 
basis that could be used for a recommendation as to what total 
fibre intake ought to be. It is suggested that the dietary 
fibre intake for adults should be about 40 grams per day. 
In all probability, this might serve as an interim recommendation, 
pending the results of further investigations defining the range 
of normality of the different measures of bowel function in 
the community. 
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APPENDICES 
APPENDIX 1. 
Covering letter to subjects obtained through the 
Electoral Register. 
°o Oýcýcý[ýýýcý 
_ `+h^ý ýýt 
ý: - 
aq qhs Bou'ah Mnlk 
Manor House 
58 Clapham Common North Side 
London SW4 9RZ 
01-228 2015/6 
Department of Home Economics 
Head of Department: Mrs MH Crowther BA(Admin) 
PLEASE NOTE. Tour name was selected on a random basis 
from the Electoral Register. 
Dear 
At the present time much concern is being shown about the 
relationship between diet and health. Already a lot of 
very interesting work has been done on this but more research 
is still needed. I am carrying out research into this very 
important question. 
Please will you take part in this investigation by filling 
in the enclosed questionnaire. I really would appreciate 
your help and co-operation. All information will be treated 
as strictly confidential and a stamped addressed envelope is 
enclosed for your reply. 
The findings and implications of this study will be given by 
way of a lecture at the above address, to which you are invited. 
Details will be announced in the Epsom and Ewell Advertiser. 
Yours sincerely, 
JILL DAVIES (Miss), 
Lecturer in Food and Nutrition, 
M. Sc. (London), B. Ed. (Wales). 
The Polyt. chnic is registered In England as a company limited by guarantee, with the number 986761. 
Registered office 103 Borough Road. London SEI OAA. 
APPENDIX 2. 
Covering letter to subjects obtained through the 
Vegan Society. 
poovq(m@hnco, @ chi -ýha aou-Rh Bank Manor House 
58 Clapham Common North Slde 
London SW4 9RZ 
01-228 2015/6 
Department of Home Economics 
Head of Department: Mrs MH Crowther BA(Admin) 
PLEASE NOTE. Your name was chosen from the Vegan Society 
membership lists (all full members and a random selection 
of associate members) under the close supervision of 
Mrs. Jannaway. Mrs. Jannaway gave permission on the strict 
understanding that all information would be treated as 
confidential. 
Dear 
At the present time such concern is being shown about the 
relationship between diet and health. Already a lot of very 
interesting work has been done on this but more research is 
still needed. I am carrying out research into this very 
important question-. 
Please will you take part in this investigation by filling in 
the enclosed questionnaire. I really would appreciate your 
help and co-operation. All information will be treated as 
strictly confidential and a stamped addressed envelope in 
enclosed for your reply. 
The results will be published in your magazine "The Vegan" 
and I will gladly answer any of your questions that might arise 
from this study. 
Yours sincerely, 
JILL DAVIES (Miss) 
Lecturer in Food and Nutrition 
M. Sc. (London), B. Ed. (Wales). 
The Polytechnic is registered in England as a company limited by guarantee. with the number 986761. 
Registered office: 103 Borough Road. London SEI OAA. 
APPENDIX 3. 
Covering letter to volunteers obtained through 
the Vegetarian Society. 
° off ahs O(Duqh mawk 
Manor House 
58 Clapham Common North Side 
London SW4 9RZ 
01-228 2015/6 
Department of Home Economlca 
Head of Department: Mrs MH Crowther BA(Admin) 
Dear - 
Thank you very much for volunteering to fill in my "Health 
Questionnaire". I do appreciate your kindness in co-operating. 
Yours sincerely, 
Miss G. J. Davies 
The Polytechnic Is registered In England as a company limited by guarantee. with the number 986761. 
Registered office: 103 Borough Road. London SEI OAA. 
APPENDIX 4. 
Questionnaire. 
CCNFID7-, ITIAL 
QUESTIONNAIRE 
Survey No. 
1. Date ............................................ 
2. Please tick (I. ) in the appropriate box: 
Sex: Male Li 
Female Li 
3. Date of birth ............................................... 
4. Age 
.....:...................... ............................ . 
5. What is the present (or prior to retirement) occupation of the chief 
-money-earner in the family? 
...................... ........................................... . 
.................................................................. . 
6. 
Which of the diets listed When did you adopt the diet 
below have you tried to indicated. Please give your age. 
follow. Please indicate by 
means of a tick in the 
box(es) provided. From To 
Omnivorous 
Vegetarian 
El 
Vegan 7 
For clarif+. cation: - 
Omnivorous diet - Plant and animal foods. 
Vegetarian diet - Plant foods, dairy produce and in some 
cases eggs. 
Vegan diet - Plant foods only. 
1: 1 
7 
El 
Li 
LI 
F] 
I. 
APPENDIX 4 (continued). 
7. No-7 for females only. 
7.1 If you have had any children, how old were you when they were 
born? 
ist child ............... 
2nd child ............... 
3rd child ............... 
4th child 
............... 
5th child ............... 
6th child ............... 
7.2 If you have had any miscarriages or abortions how old were you 
at the time? 
.... ......... .... ... "S . ... . ..... ...... ...... ........... ... ... . 
............................................................. 0 
.............................................................. 
............................ -................................. . 
F7 
7 
F7 
F7 
F7 
7 
F-I 
7 
0 F7 
2. 
APPENDIX 4 (continued). 
8. 
8.1 
8.2 
8.3 
8.4 
8.5 
8. E 
8. ' 
8. 
8. 
Have you ever had any 
of the following If yes 
disorders? 
How old was it Any other 
were you diagnosed by additional 
when it a medical information, e. g. 
first doctor, number of times the 
became homeopath, disorder recurred+ 
apparent9 naturepath, age if known; 
etc. duration of attacks. 
Please 
specify. 
BLOOD 
Iron Deficiency 
Anaemia 
BONE 
Osteomalacia 
(Softening of bones) 
Rickets 
(Softening of bones) 
CIRCÜLATORT 
STSTEM 
Angina Pectoris 
(chest pain) 
Coronary 
Thrombosis 
(heart attack) 
Haemorrhoids/ 
Piles 
Varicose Veins 
DIGESTIVE 
SYSTEM 
B Anal Fissure 
9 Appendicitis 
3. 
I -1 11 
I1 11 
I1 11 
I. III 
III 
Hit 
IIII 
17 
0 
APPENDIX 4 (continued) 
8.10 
8.11 
8.12 
8.13 
8.14 
8.1; 
8.1( 
8.1' 
8.11 
8.1 
Have you ever had 
any of the If yes 
following disorders? 
How old Was it Any other 
were you diagnosed additional 
when it by a information, e. g. 
first medical number of times the 
became doctor, disorder recurred, 
apparent? homeopath, age if known, 
naturepath, duration of 
etc. attacks. 
Please 
specify 
Cancer of Colon 
or rectum 
Constipation 
Diabetes Mellitus 
(sugar diabetes) 
Diverticular 
Disease 
Diverticulitis 
Diverticulosis 
Call Stones 
Hiatus Hernia 
Irritable Colon/ 
Irritable Bowel 
Syndrome/ 
Spastic Colon/ 
Mucous Colitis 
9 Volvulus of the 
large or small 
bowel. 
II 
L Ii 
I 
H1 
LHI 
LI Ii 
HL1 
4. 
APPENDIX 4 (continued). 
9. Have you had hospital treatment for any of the disorders named 
previously? 
As an outpatient 
Yes Ro 
If yea, 
which disorders? 
For each disorder: - 
Treatment given, 
if known. 
umber 
of 
appoint- 
mente. 
Any other 
relevant 
information 
10. is an inpatient yes INo 
If yes, 
I 
For each disorder: - which disorder? 
number 
Treatment given, of days 
Any 
vantr if known. in hoep- relevant 
ital. information 
F-1 
[ T-ý 
17-1 
T7 
F7 
I 
APPENDIX 4 (continued). 
ý$. Please give the following details about any pills, tablets or 
potions you have taken during the past week: - 
EXAMPLE 
Purchased 
Preparation/ 
type 
Quantity Dose 
frequency 
With 
pres- 
cription 
Without 
pres- 
cription 
Denylin 
expectorant 
1 (5ml) 
teaspoonful 
3za day 
for 6 days 
Liquid 
paraffin 
I table- 
spoonful 
1xa day 
for 7 days 
6. 
APPENDIX 4 (continued). 
12. If you are Vegan or Vegetarian please list in order of 
importance your reasons for being so. 
r7 
ri 
Li 
F-I 
?. 
` APPENDIX 4 (continued). 
If you live in London or within a 30 mile radius of the 
city please would you take part in a more detailed 
investigation? 
If you take part, this will involve you in 
(A) measuring your food and drink intakes for a period of 
7 consecutive days. Small dietary scales will be provided 
along with a diet record diary; 
and if some of you would be so kind 
(B) you will be asked to swallow some very small pieces 
of plastic (rather like grains of rice) and to collect 
your stools for the same 7 days that you will be measuring 
your dietary intakes. For the collection of faeces you 
will be given strong plastic bags which fit inside the 
lavatory pan and plastic containers with tight fitting lids 
in which to place the bags. There will be no direct 
handling of faeces and the containers will be collected 
daily. 
If you would be willing to take part in either A or A and B 
please would you give the following details: - 
Name: 
Address: 
Telephone number: Home: 
Work: 
F7 
8. 
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APPENDIX 7. 
Record sheet for pills, potions and tablets taken during 
the survey week. 
NUMBER 
DAY 
DAT E 
TIME 1Pits 
Pil, 
boast itaken 
l purchased 
a with lwfthcx 
I Dreescr Dtion 
3 
I 
1 
APPENDIX 8. 
Menstruation chart. 
[NUMBER 
DATE : from to 
Please indicate, by means 
of *a tick (v) in the appropriate 
box, your stage in the 
menstrual cycle, Le. day one 
is When bleeding starts. 
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APPENDIX 12. 
Record sheet for the measurement of food and drink consumed. 
NU1 BER 
DAY 
DATE 
Weight in grams Setl4tgo TIME ITEM 
Served Left 
Tracu 
on 
Recipe Details e. g. recipe 
' recipencannd me jRddname, 
APPENDIX 12 (continued). 
APPENDIX 13. 
Record sheet for between meal food and drink. 
NUMBER 
DAY 
DATE 
TIME DESCRIPTION OF FOOD/DRINK N 
TER 
WET. 
APPENDIX 14. 
DIETARY RECORD GUIDE 
1. In the top left hand corner of each separate piece of paper write down 
your survey number, day of the survey - that is Day 1 or 2 or 3 etc - 
and the date. 
2. Record EVERYTHING that you eat and drink for seven consecutive days. 
3. Use one line for each separate item described - e. g. plate, baked 
potatoes, fried egg. 
4. For each meal, snack, in-between-meal snacks, etc. record the time 
in the 'TIME' column. 
5. Describe foods and drinks as accurately as possible. e. g.: - 
FOODS 
LIKE THIS: - 
Cornflakes 
Custard Creams 
Raw apple with skin 
Pried cod in batter 
Lean roast pork 
Scrambled egg 
Chocolate fudge 
Baked potatoes 
Cottage cheese 
Wholewheat bread 
Boiled white rice 
Canned vegetable soup 
DRINKS 
NOT LIKE THIS: - 
Breakfast cereal 
Biscuits 
Fruit 
Fish 
Meat 
Egg 
Sweets 
Potatoes 
Cheese 
Bread 
Rice 
Soup 
LIKE THIS 
Milk 
NOT LIKE THIS: - 
Tea 
Tea 
Sugar (2 teaspoons) 
6. Select a suitable serving vessel, e. g. plate, bowl, glass, cup etc. 
Place on scales. Write down the name of the serving vessel in the 
'Item' column and the number opposite the pointer in the 'Served' 
column. 
7. Place the first food or drink to be weighed into or onto the serving 
vessel. Write down the name of the food or drink in the 'Item' column 
and record the number now opposite the pointer in the 'Served' column. 
Repeat for the next item of food or drink and so on. 
8. In foods such as stew, weigh the various solids separately as far as 
possible, then the liquid. 
9. When weighing breads and spreads give separate weights. 
LIKE THIS: - NOT LIKE THIS: - 
ITEM 
Weight in grams 
Served 
Plate i 50 
Wholewheat bread 90 
Butter I 125 
Cotta Re cheese 1 70 
ITEM Weight in gram 
Served 
Plate 50 
Wholewheat bread 
Butter 120 
Cottage cheese 
APPENDIX 14 (continued). 
10. If more than one food is left take a fresh serving vessel and 
weigh the left over. Procedure as in Numbers 6 and 7 but 
record the weight in the 'Left' column. 
If one food type only is left, weigh the serving vessel and 
contents and record the description in the 'Item' column and 
the weight in the 'left' column. 
11. If any food is spilt, either weigh the spillage as in Numbers 6 
and 7 or estimate the fraction lost and record in the 'Spillage' 
column. 
12. It might not be convenient to weigh foods and drinks eaten 
in-between meals. However, it is important that you record all 
foods and drinks consumed. Give a description in the 'Description' 
column - In-between meals as in Number 5 and either give the weight 
or number of items in the 'Number or Weight' column. Specify if 
number, or weight in grams, ounces, etc. 
4 
Ln 
PC 
Hq 
Z 
W 
P. 
p4 
APPENDIX 16 
Record of weight of food and drink consumed for transference to 
computer sheets. 
_ 
APPENDIX 17. 
Construction of a primary collection bag. 
Materials: - 
1 heavy duty plastic bag 11" x 164" block bottomed to 
41" x 6+" x 14" (Transatlantic Plastics Ltd. ) 
27" double sided adhesive tape +" in width with a readily 
removable backing (Transatlantic Plastics Ltd. ) 
Wooden template 
Box of dressmakers' pins 
Pair of scissors 
Stanley knife 
Method: - 
1. The bag was flattened; uniformly fitted inside the 
template; secured with a pin, and cut, using the stanley 
knife . 
2. The double sided adhesive tape was cut into three strips: 
one 11" in length; two 8". 
3. The 11" strip was attached horizontally to the inner rim 
of the bag;. the 8" strips were attached vertically to the 
outer sides of the bag panels. 
APPENDIX 18 
Construction of a secondary collection box 
Materials: - 
1 rigid 'stack-a-box' made of opaque plastic, 
0" x 81" x 5--" of 2.5 litre capacity with a brightly 
coloured air-tight lid (Lakeland Plastics Ltd. ) 
1 self adhesive white label 63 mm x 25 mm (Griffin and 
George Ltd. ) with the words "Number, day, date and time" 
typed thereon - leaving adequate space for the subject 
to complete the label. 
Method: - 
The label was peeled away from its backing and attached 
to the lid of the box. 
APPENDIX 19. 
Instructions to subjects for collecting faeces. 
Bowel habit guide. 
1. Collect ALL your faeces for the time specified (7-10 days). 
2. Use one bag and one box for each motion passed. 
3. Fill in the label on the box at the time the motion 
is'passed. DO NOT LEAVE TO FILL IN LATER. It is 
very important that you write down your survey number, 
day of survey, date and exact time. 
4. To collect your faeces: - 
(a) Remove the duo-tapes protective covering from 
the arms and rim of the bag. This may be done 
in advance. 
(b) Open the bag fully. 
(c) Fix the bag firmly to the rear part of the 
lavatory seat, by pressing the arms of the 
bag, as hard as you can on to the seat and 
outer side of the pan. 
(d) Position yourself so that anus is directly 
over the centre of the open bag. It is important 
that you are accurate, in order that the bag will 
receive ALL faeces passed. 
(e) Remove the bag from the lavatory, and seal. 
(f) Place the bag inside the plastic box, in an 
upright position (arms and sealed edge uppermost) 
and put the lid on. Ensure that the lid is 
securely in position. 
(g) Fill in the label on the box as described in No. 3. 
5. Leave the box in the place allocated for collection. 
APPENDIX 20. 
Record for stool collection from subjects' homes. 
SUBJECT ADDRESS Tel. COLLECTION 
Place Time Date No. NAME REFERENCE 
No. 
APPENDIX 21. 
Record sheet for bowel function measurements 
Subject 
Number 
Day 
Da--- 
Time of Weight of Weight of Penetromete" Visual Observa- 
passing bag and 
s ple 
sample readings descri p- tions TO-24 tg 
J (g) 0.1 (mm) tion of stool 
APPENDIX 22. 
Construction of tray for stool radiography. 
Materials: - 
1 plastic tray 18" x 14" x 1" (C. E. Payne and Sons Ltd. ) 
8 freezer boxes 61" x 0' x 2*" (Stewart Plastics Ltd. ) 
Identification number made from solder - readily made by 
twisting the metal into shape. 
Evo-stick. 
1" of adhesive tape I" in width. 
Method: - 
The freezer boxes were permanently fixed to the tray by 
means of adhesive. Care was taken to pack the boxes close 
together and towards one end of the tray. Thus, adequate 
space was left for the identification number, which was 
held in position with adhesive tape. 
APPENDIX 23. 
Radiograph Table. Identification. 
ircles Rods Cubes ircles Rods Cubes 
Number Number 
Day Day 
Date Date 
Time Time 
Circles Rods ubes Circles Rods Cubes 
Number Number 
Day Day 
Date Date 
Time Time 
Circles Rods Cubes ircles Rods Cubes 
Number Number 
Day Day 
Date Date 
Time Time 
Circles Rods Cubes Circles Rods Cubes 
Number Number 
Day Day 
Date ate 
Time Time 
APPENDIX 24. 
Quetelet's index of omnivores, vegetarians and vegans in 
phases 2 and 3 of the life cycle 
Diet Subject Number Quete7 et's index 2 (KS%m 
0 38 21 
M 55 30 
N 20 21 
I 43 19 " v 74 37 " 
0 73 23 
R 19 21 
0 54 33 
U 14 20 
S 57 30 
40 23 
9 26 
37 22 
71 23 
67 28 
36 28 
v 60 22 
E: 53 20 
G 1 29 ' 
E 46 23 
T 31 25 
A 2 21 
R 63 23 
I 65 18 
A 45 24 
N 30 24 
44 21 
64 28 
35 25 
62 20 
15 20 
7 19 . 
v 52 18 " 
E 5 23 
G 61 23 
A 18 29 . 
N 69 23 
8 20 
6 22 
51 22 
68 20 
50 20 
17 20 
47 21 
59 26 
58 26 
16 20 
4 22 
APPENDIX 25. 
Mean daily intakes of dietary fibre from various food sources of 
omnivores, vegetarians and vegans. 
Dietary Subject Dietary fibre (g) 
group No. Totala"Cereal Vegetable Fruit Nuts Mixed sources 
Omnivorous 10 9.9 4.5 2.8 1.9 0.5 0.2 
38 24.7 10.4 9.6 2.5 0.6 0.1 
55 22.2 5.4 12.8 3.3 
20 27.5 15.0 6.9 3.4 0.3 1.3 
43 25.8 14.7 9.7 1.3 0.1 
74 57.0 33.9 6.2 12.0 2.7 
73 27.4 10.4 13.8 2.4 0.6 
19 23.5 12.9 7.4 1.4 0.3 1.0 
54 21.1 9.5 9.4 0.8 
14 19.3 12.8 3.0 3.2 0.3 
57 21.7 13.2 4.9 2.9 0.6 
40 20.0 9.6 3.5 6.3 0.6 
9 14.4 7.6 4.3 2.0 0.2 0.2 
37 34.2 16.1 8.5 7.3 0.1 0.1 
71 10.1 6.4 2.3 0.6 0.1 
67 20.0 8.6 7.9 3.2 0.1 
36 18.6 7.1 7.2 2.7 
Vegetarian 29 26.3 16.3 5.8 3.9 0.3 0.1 
60 15.0 4.6 8.3 0.9 0.8 0.4 
53 24.5 11.7 8.7 0.4 2.0 0.6 
1 39.2 21.9 8.2 7.9 1.1 
46 67.5 36.7 17.5 13.0 0.3 
31 40.3 27.9 7.1 5.2 0.2 
2 46.8 23.9 6.5 13.5 2.8 0.1 
63 29.7 10.0 13.9 3.8 1.8 0.3 
65 46.5 25.0 12.3 4.2 4.7 0.3 
45 70.6 13.8 25.8 28.6 2.3 0.1 
30 27.0 15.8 8.7 1.7 0.6 0.1 
44 23.1 13.7 5.4 2.5 0.3 1.2 
64 26.2 8.5 14.2 2.2 0.9 0.4 
35 64.0 15.4 27.9 17.2 3.5 
62 21.9 4.9 7.7 5.5 0.2 3.2 
15 37.7 7.2 8.0 15.2 7.4 
7 31.0 11.3 7.5 10.1 1.5 0.6 
Vegan 48 32.7 6.1 13.4 10.2 2.9 0.1 
52 67.2 33.1 30.5 1.2 1.1 1.2 
5 55.7 11.2 29.7 10.9 3.3 
61 78.0 26.3 10.1 33.6 6.4 0.8 
18 55.9 33.5 14.0 5.6 2.7 0.2 
69 39.6 20.2 11.3 4.8 1.2 1.9 
8 37.1 16.2 15.1 3.3 2.1 0.2 
6 37.6 17.8 6.8 9.5 2.9 0.5 
51 33.0 12.8 14.0 4.8 0.3 
68 24.4 10.1 10.1 2.2 1.4 0.6 
50 40.7 18.7 17.5 1.5 1.5 0.2 
17 43.3 20.0 1'0.8 7.6 4.8 
47 48.0 14.3 15.4 12.6 5.6 0.1 
59 76.0 38.0 14.0 18.6 4.8 0.5 
58 58.2 20.7 9.1 24.8 3.5 0.2 
16 40.4 19.5 2.5 17.7 0.2 0.6 
4 39.4 17.4 5.2 11.6 4.9 0.1 
a"Computer analysis has resulted in a discrepancy in figures for 
total dietary fibre as the sum of the individual components listed. 
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APPENDIX 28. 
Mean weekly intakes (g) of pasta and rice, and dishes composed of these foods by 
omnivores, vegetarians and vegans. 
Diet Subject 
Number 
PASTA Canned Lasagne Macaroni 
RICE 
Brown White Spaghetti Cheese Brown White 
Raw Boiled Raw Boiled Raw Boiled Ray Boiled Fried Pud- 
ding 
0 10 205 30 
U 3R 45 
N: 55 
20 
y 43 
0 74 
R 73 
E 19 
g 54 
14 
57 
40 
9 
37 
71 
67 
36 
Y 29 
E 60 
G 53 
E1 
T 46 
A 31 
R2 
1 63 
A 65 
11 45 
S 30 
44 
64 
35 
62 
15 
7 
V 48 
E 52 
G5 
A 61 
W 18 
S 69 
8 
6 
51 
68 
50 
17 
47 
59 
58 
16 
4 
430 
320 
200 
215 
60 
100 
5 
285 
334 
530 
180 
200 
500 
195 
150 
175 
70 
200 
820 
340 
200 
370 
160 
410 
6 85 
265 
390 
625 
150 
30 
285 200 
285 
80 
190 
275 
44 
37 4 
40 
165 
26 
169 
150 
100 
34 155 
280 
675 
555 
63 135 
12 320 
280 
640 
400 
160 
130 
110 
APPENDIX 29. 
Mean weekly intakes (g) of crispbreads, crackers, digestive biscuits and 
oatcakes by omnivores, vegetarians and vegans. 
Diet Subject Cream Crispbread Digestives Krakerwheat Oatcakes 
Number crackers Rye Wheat Plain Choc olate 
0 10 20 20 
M 38 20 140 
N 55 
I 20 30 
V 43 55 15 
0 74 15 
R 73 45 15 
E 19 60 90 
S 54 120 
14 15 55 35 
57 70 
40 
9 80 
37 20 
71 45 65 
67 40 
36 30 
V 29 55 20 
E 60 20 
G 53 
E 1 
T 46 
A 31 20 
R 2 30 25 15 
I 63 
A 65 
N 45 
S 30 54 30 
44 240 30 10 
64 55 
35 
62 40 
15 
7 15 10 15 
V 48 
E 52 140 
G 5 
A 61 
N 18 165 220 195 45 
S 69 65 85 
8 
6 95 
51 
68 55 125 
50 25 
17 20 215 160 95 
47 
59 
58 
16 
4 
APPENDIX 30. 
Mean weekly intakes (g) of wholewheat and brown flour and dishes 
composed of these foods and other cereals by omnivores, vegetarians 
and vegans 
Diet Subject Wholewheat Brown. Flapjacks Buckwheat Millet 
Number Flour Pastry Fruit Jam Flour Raw Raw 
pie tart 
0 10 75 
N 38 
N 55 
I 20 
Y 43 
0 74 100 
R 73 
E 19 
S 54 
14 
57 
40 111 60 125 
9 200 
37 
71 
67 
36 
Y 29 60 
E 60 
G 53 
E 1 25 125 
T 46 553 178 
A 31 40 
R 2 63 90 
I 63 69 
A 65 530 
N 45 172 
S 30 
44 
64 20 
35 33 
62 
15 38 
7 43 
Y 48 105 
E 52 
G 5 95 
A 61 282 385 96 69 
N 18 2 225 
S 69 
8 55 80 
6 80 71 
51 170 
68 70 
50 22 
17 260 
47 201 
59 209 210 72 
58 109 89 
16 63 254 390 
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APPENDIX 32. 
Kean daily intakes of food and nutrients in omnivores, vegetarians 
and vegans. 
Dietary Sub- Yean daily intakes 
group ject Food Kcals Prot Fat 
CHO ca fe zn Vitamins H2O 
g g gg mg mg mg B12 C Dg 
)ig mg pg 
omnivorous 10 1218 1606 57 78 181 909 7.1 6.8 2.5 43 1.9 886 
38 2560 2304 77 110 267 1240 14.6 10.4 9.8 92 2.9 2065 
55 3550 2985 1 11 136 311 1022 13.7 12.1 5.6 42 2.2 2941 
20 3135 2932 96 125 334 1308 24.2 12.5 5.1 1 33 3.3 2514 
43 2344 2858 80 118 367 955 12.6 9.7 2.7 59 2.0 1751 
74 3093 2896 136 112 345 1773 28.9 19.0 3.8 1 95 2.6 2399 
73 2401 2807 89 124 327 1117 16.8 11.6 9.6 87 4.4 1807 
19 2984 2140 80 106 200 1020 28.4 11.7 4.0 1 13 1.1 2543 
54 2498 3197 93 128 438 1140 15.7 11.2 3.9 573 3.3 1811 
14 3150 2207 69 100 235 1104 13.2 9.7 4.6 80 3.4 2684 
57 2009 1861 70 82 223 999 11.3 9.0 3.1 94 2.5 1596 
40 2807 1400 55 61 164 875 10.3 8.7 1 5.1 45 2.9 2489 
9 1996 1667 59 72 204 883 9.4 7.2 3.0 53'3.0 1630 
37 3318 2933 118 148 291 1712 23.3 16.9 35.0 1 09 3.9.2699 
71 2048 1756 90 78 116 781 16.7 16.2 6.8 61 1.6 1697 
67 2200 1859 84 97 172 1014 12.512.8 33.5 82 1.3 1770 
36 2758 1918 67 105 180 1152 12.8 9.1 7.7 120 1.0 2360 
Vegetarian 29 1562 1982 60 93 241 1158 12.1 8.3 3.3 55 4.8 1129 
60 3595 3277 60 107 354 1099 9.0 5.1 7.3 42 1.5 2933 
53 2047 2141 52 99 260 761 12.4 7.4 1.8 92 2.8 1585 
1 2233 2790 87 122 332 1595 15.8 12.2 3.3 101 2.6 1629 
46 3509 3074 108 118 420 1914 24.6 18.0 2.7 96 2.4 2776 
31 3547 2955 88 126 338 1429 18.5 12.0 7.2 83 1.3 2905 
2 3522 3073 Be 160 334 1607 17.2 12.9 3.2 158 5.4 2869 
63 2202 1506 38 65 191 541 10.7 5.8 0.6 139 1.6 1854 
65 2245 2559 62 115 322 702 16.6 10.9 0.8 123 5.2 1668 
45 2720 2006 74 70 284 1270 20.0 11.4 2.2 100 3.8 2186 
30 3045 2291 65 96 257 1137 14.6 7.8 3.9 72 4.4 2548 
44 2062 2170 64 98 273 1016 11.1 8.1 3.0 85 3.1 1587 
64 2635 1850 54 91 193 954 12.9 6.6 1.6 108 1.7 2218 
35 2983 2352 82 94 295 885 21.9 11.5 2.5 257 5.2 2477 
62 1981 1760 52 83 214 1052 9.6 6.7 1.5 117 2.9 1586 
15 1529 1552 44 70 198 896 13.0 6.3 1.0 180 0.9 1158 
7 1919 1586 45 61 228 832 11.8 5.5 0.4 90 1.7 1540 
Vegan 48 2025 1464 38 47 238 483 12.6 5.2 0.7 232 2.2 1645 
52 3236 4239 82 194 560 664 26.1 12.9 1.8 88 4.2 2325 
5 4386 2446 71 74 309 611 21.7 9.5 4.6 199 1.6 3766 
61 2963 3324 86 135 459 833 25.3 12.3 3.3 211 5.7 2144 
18 3976 3182 86 116 457 712 22.6 12.7 3.5 120 4.8 3231 
69 2492 2160 52 70 335 549 16.6 6.4 0.2 29 2.7 1987 
8 1759 1682 48 50 277 665 18.7 7.7 0.0 148 0.2 1330 
6 2323 1706 44 82 210 394 13.3 6.7 2.3 168 3.9 1930 
51 2744 2770 54 100 421 506 17.6 6.9 0.5 214 3.5 2103 
68 2021 1575 42 59 230 375 11.1 3.7 6.5 36 3.1 1651 
50 3028 2131 56 74 292 432 18.2 8.8 5.1 182 3.3 2524 
17 2364 2394 68 92 301 477 16.8 9.1 7.6 83 3.3 1818 
47 3350 2195 64 85 291 666 20.7 8.9 1.5 142 6.5 2818 
59 4149 3501 90 132 476 611 24.4 14.8 3.7 274 6.9 3312 
58 2376 2273 66 75 355 778 20.7 9.5 2.7 212 2.6 1778 
16 2023 1782 44 66 268 528 14.4 7.1 4.5 164 2.3 1570 
4 1944 1648 44 70 224 519 14.1 7.0 3.0 154 1.8 1564 
APPENDIX 33. 
Bowel function measurements of omnivores, vegetarians and vegans 
Dietary Subject MTT Frequency Wet Mean Mean 
Group Number (hrs) of defae- weight rheology form of 
cation. of of stools faeces 
(per 24 faeces (0.1mm) (1-8) 
hrs. ) (gaper 
24 hrs. ) 
0 10 40.1 1.1 54 30 5.4 
M 38 36.6 1.1 216 28 6.5 
N 55 81.9 0.9 117 36 6.3 
I 20 41.2 0.9 155 41 4.0 
v 43 42.0 0.7 113 29 5.4 
0 74 36.5 1.3 415 87 2.8 
R 73 44.1 0.7 164 40 6.0 
0 19 39.7 1.1 136 15 7.5 
U 54 51.7 1.3 179 41 5.6 
S 14 53.8 1.0 103 19 6.8 
57 59.2 1.1 150 11 7.2 
40 107.9 1.0 101 11 7.4 
9 60.9 0.9 108 33 5.0 
37 32.5 1.0 189 39 4.1 
71 64.5 1.1 114 38 6.1 
67 53.5 1.3 96 19 5.9 
36 34.5 1.0 186 84 4.4 
Y 29 45.6 1.7 119 33 5.9 
S 60 68.3 0.4 120 22 6.2 
G 53 42.0 0.7 114 25 6.6 
E 1 30.9 1.0 212 52 3.0 
T 46 49.0 1.6 222 29 5.2 
A 31 35.8 0.7 211 104 3.3 
R 2 49.6 1.7 265 42 5.0 
I 63 146.1 1.0 81 8 7.8 
A 65 38.2 1.1 198 65 3.4 
N 45 40.2 1.3 223 43 3.8 
30 46.9 2.1 156 23 6.2 
44 46.6 1.0 133 42 5.2 
64 38.0 1.3 153 52 4.8 
35 33.7 1.0 256 92 3.6 
62 28.3 2.0 153 34 4.6 
15 28.5 1.9 154 74 3.1 
7 56.9 0.7 92 17 7.5 
Y 48 28.9 4.4 257 37 5.8 
E 52 32.6 1.4 251 57 4.0 
C 5 31.6 2.0 331 58 3.9 
A 61 31.0 2.4 252 54 4.2 
N 18 35.1 2.4 274 77 3.3 
69 46.5 1.1 204 77 3.3 
8 35.0 1.0 236 91 2.3 
6 101.6 0.6 137 42 4.7 
51 42.2 1.4 174 24 7.1 
68 93.9 1.3 138 32 5.7 
50 40.6 0.7 129 38 5.5 
17 48.2 1.0 231 34 5.9 
47 46.7 2.9 196 40 4.7 
59 34.0 1.9 499 50 5.3 
58 33.5 2.0 236 62 3.4 
16 30.9 1.4 135 51 3.7 
4 48.3 1.0 151 55 3.7 
